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ARTICLE INFO ABSTRACT

Keywords: Background: Resistance to KRAS®'2€ inhibitors sotorasib and adagrasib, approved for KRAS®*2C-mutant advanced
NSCLC Non-Small Cell Lung Cancer (NSCLC), involves multiple subclonal events, raising significant concerns about
KRAS . overcoming the resistant phenotype. Cytokines, chemokines, and growth factors are key mediators of drug
f\(zlt;;::;]i)b resistance and targeting their signaling pathways is an emerging strategy in cancer therapy.

Resistance Methods: We generated cell clones from KRAS®'?“.mutated NSCLC cells treated with KRAS inhibitors and cell

cultures from a sotorasib-resistant patient-derived xenograft (PDX). Gene mutations and changes in gene
expression were evaluated using NGS, RNAseq. The mRNA and protein levels encoded by the Hepatocyte Growth
Factor (HGF) and CXCL1 genes were quantified using RT-PCR and ELISA assay. The effect of drug combination
was obtained by the Sulforhodamine-B assay and analyzed by Combenefit Software. Cell death was detected by
Annexin-V assay. Cell signaling and epithelial-to-mesenchymal transition were evaluated by Western blotting.
Results: NSCLC cell clones and PDX cell cultures with acquired and intrinsic resistance to KRAS®'% inhibitors
exhibited elevated levels of CXCL1 and HGF expression and secretion, with activation of CXCR2 and c-MET
signalling pathways. The combination of CXCR2 and c¢-MET inhibitors led to synergistic inhibition of cell growth
and reduced cell viability by inhibiting the ERK1/2 and AKT signalling pathways. This combination also reversed
EMT and induced apoptosis in sotorasib- and adagrasib-resistant clones, regardless of the genetic alterations
responsible for resistance.

Conclusions: CXCL1/CXCR2 and HGF/c-MET may represent compensatory pathways that sustain proliferation
and survival in resistance to KRAS®'?€ inhibitors. The simultaneous blockade of these signals may offer a novel
strategy for bypassing resistance.
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1. Introduction

Non-Small Cell Lung Cancer (NSCLC) is the most prevalent form of
lung cancer, representing approximately 85 % of all lung cancer cases.
Patients harboring driver gene alterations such as EGFR, ALK, ROS1,
RET, BRAF, MET, NTRK and HER2 account for 30 % of NSCLC cases and
currently received targeted agents in different treatment setting [1]. For
the remainder, immune checkpoint inhibitors (ICIs) alone or combined
with a platinum-based regimen is the best option. [2].

KRAS is the most frequently mutated oncogene in NSCLC, with a
frequency of approximately 30 % [3,4]. It encodes a protein that func-
tions as a GTPase enzyme that cycles between an active state (GTP-
bound) and an inactive state (GDP-bound). The KRAS mutations favor
the active form, inhibiting its intrinsic GTPase activity and causing
continuously on-signals of the mitogen-activated protein kinases
(MAPK/ERK) downstream pathway. The KRAS®2C mutation is partic-
ularly common in NSCLC, accounting for approximately 13 % of cases
[5].

The development of KRAS®!2¢ inhibitors represented a significant
breakthrough in the treatment of NSCLC. Two recent pharmaceutical
agents, sotorasib (AMG 510) [6] and adagrasib (MRTX849) [7] have
been authorized for the treatment of advanced NSCLC patients carrying
KRAS®'2¢ mutation who have previously undergone at least one sys-
temic therapy. In the phase III clinical trial CodeBreaK 200, sotorasib
was superior to docetaxel, in terms of progression-free survival (PFS)
and objective response rate (ORR) for previously treated KRASC12C
mutated NSCLC patients [8]. Adagrasib, received approval in December
2022 based on the results from Krystal-1 clinical trial [7]. Subsequently,
superiority in terms of PFS and ORR was also demonstrated for this
agent in the phase III Krystal-12 trial [9]. These trials demonstrated
similar objective response rates (around 30-40 %) and PFS (around 5-6
months) in previously treated NSCLC patients. Ongoing clinical trials are
evaluating the efficacy and safety of these drugs across different settings
and combined with other therapies (such as chemotherapy and/or ICIs).

As with many cancer therapies, sotorasib and adagrasib may lose
efficacy over time as cancer cells develop resistance [10]. The mecha-
nisms behind this resistance are diverse and complex, and many are not
fully understood, yet. They can arise through processes that are
dependent or independent on KRAS itself. Reported KRAS-dependent
mechanisms include the emergence of alternative KRAS mutations,
activation of other RAS isoforms, and upregulation of KRAS expression
[11], whereas KRAS-independent included activation of alternative
signaling pathways [11] or histologic transformation to small-cell
carcinoma.

Studies have demonstrated that resistance to KRA inhibitors
can be highly heterogenous with multiple subclonal events occurring
within the same patient during treatment [11,12]. The presence of
heterogeneity, in conjunction with subclonality, poses a significant
challenge in overcoming the resistant phenotype. To this end, exploring
and implementing novel approaches that expand beyond genetic alter-
ations is necessary.

Cytokines, chemokines, and growth factors can influence the
behaviour of cancer cells and play complex roles in cancer progression,
promoting growth, survival, metastasis, and therefore altering the
effectiveness of cancer therapies [13-15]. They are critical components
of the tumor microenvironment and modulate how cancer cells interact
with surrounding stromal and immune cells. They may be released from
tumor cells as well as from the microenvironment and, in some cases, are
detected in human blood, representing a potential biomarker for treat-
ment resistance [16].

CXCL1 is a pro-inflammatory chemokine, frequently elevated in tu-
mors. CXCL1 has a high affinity for CXCR2, a G-protein-coupled receptor
that binds multiple chemokines. In lung adenocarcinoma it has been
identified as a poor prognostic marker associated with tumor metastasis
and progression [17,18]. The CXCL1/CXCR2 axis regulates cell prolif-
eration, apoptosis, senescence and epithelial-to-mesenchymal transition
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(EMT) in various cancer cells by activating pathways including PI3K/
AKT, p38/ERK, and STAT signaling [19,20]. Most recently, this axis has
been linked to drug resistance [21]. For example, elevated expression
levels of CXCL1 and CXCL5 are increased in colon cancer cell lines
harboring KRAS or BRAF mutations and resistant to cetuximab [22].

The activation of the HGF/MET axis triggers a range of biological
responses critical for tumor progression including increasing migration,
proliferation, survival, and angiogenesis [23].

c-MET alterations in NSCLC encompass dysregulation mechanisms
like MET exon 14 skipping mutations (2-4 % prevalence), MET ampli-
fication (1-6 %), MET fusions (0.2-0.3 %), and c-MET overexpression
(20-50 %, higher in adenocarcinomas), all contributing to oncogenic
signalling dysregulation driving tumor progression, invasion and
metastasis [24,25].

HGF/MET downstream signalling acts as a bypass mechanism in
cancer cell significantly contributing to resistance against various tar-
geted therapies. Notably, HGF/MET activation has been involved in
resistance to EGFR tyrosine kinase inhibitors (TKIs) and to RET in-
hibitors in NSCLC, cetuximab in colon rectal cancer, trastuzumab in
breast cancer, and BRAF inhibitors in melanoma [26-29]. MET is a
driver of RAS pathway through SOS-dependent activation, but MET can
also independently activate PI3K-AKT and JAK-STATS3 signalling, thus
sustaining resistance to KRAS inhibitors [30,31].

Amplification of MET gene, confirmed by FISH, was indeed reported
as mechanism of resistance to sotorasib in clones derived from the
sotorasib-sensitive KRAS®2C NSCLC H23 cell line after chronic exposure
with the drug. Loss of MET function through silencing or by treatment
with the MET inhibitor crizotinib restored sotorasib sensitivity both in
vitro and in vivo by suppressing ERK and AKT activity [31].

In the present study, we demonstrated that NSCLC clones with ac-
quired resistance to sotorasib and adagrasib displayed higher levels and
secretion of CXCL1 and HGF associated with increased expression of
their respective receptors CXCR2 and MET without gene amplification.
ERK1/2 and AKT signalling promote survival and proliferation in drug-
resistant clones. This is also linked to EMT, which increases the
expression of mesenchymal markers such as N-cadherin and Slug, while
decreasing the expression of E-cadherin, thereby enhancing migration.
Interestingly, cell cultures established from the patient-derived xeno-
graft (PDX) of a patient experiencing primary resistance to sotorasib,
with multiple genetic alterations associated with resistance, presented
elevated mRNA and protein levels of CXCL1 and HGF. The combination
of the MET inhibitor crizotinib, with the selective competitive CXCR2
antagonist SB225002, synergistically inhibited cell proliferation and
promoted apoptosis in these preclinical models of KRAS®'2C inhibitors
resistance. These results suggest that targeting both the HGF/MET and
CXCL1/CXCR2 axes is a promising strategy to bypass resistance in
KRAS®!*“.mutant NSCLC.

2. Material and methods
2.1. Drug treatments

Sotorasib, adagrasib, crizotinib, and SB225002 (N-(2-hydroxy-4-
nitrophenyl)-N’-(2-bromophenyl)urea) were purchased from Sell-
eckchem (Houston, TX). All drugs were dissolved in DMSO, which never
exceeded 0.1 % (v/v) in the treatment solutions; equal amounts of the
solvent were added to control cells.

2.2. Cell lines and culture conditions

A549 (KRAS®!%), Calu-1, H358, and H23 (KRAS®!?%) NSCLC cells
were from American Type Cell Culture (ATCC) and were cultured as
recommended in RPMI medium with 100 U/ml penicillin and 100 pg/ml
streptomycin and incubated at 37 °C in a humidified atmosphere of 5 %
COs in the air. H23-resistant cells were generated by parental cells by
chronic exposure to sotorasib and adagrasib in a period of 4-6 months.
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Resistant clones were maintained with 1 uM sotorasib (clones S1 and S2)
and 0.5 pM adagrasib (clones Al and A2).

2.3. Clinical history of the patient and establishment of PDX-derived cell
cultures

A 48-year-old female, smoker patient was diagnosed with stage IVB
NSCLC, carrying a KRAS®!2¢ mutation. After two prior treatment lines,
including pembrolizumab combined with pemetrexed and carboplatin
followed by docetaxel, the patient received sotorasib 960 mg daily,
obtaining progressive disease (PD) as best response. Tumor was sampled
and collected at the time of PD on sotorasib and after the patient gave
her informed consent. The protocol was approved by the Ethics Com-
mittee Center Emilia-Romagna Region, Italy (GR-2018-12368031).
Human biological samples and metadata including relevant clinical data
were de-identified before being shared between laboratories involved in
this study to protect patient privacy and respect the ethical standards.
All animal procedures were performed in accordance with European
directive 2010/63/UE and Italian Law (No. DL26,/2014). Experimental
protocols were reviewed and approved by the institutional animal care
and use committee of the University of Bologna and by the Italian
Ministry of Health with letter 32/2020-PR.

ADK-35a and ADK-35b cell cultures were derived from the tumor
mass of the first passage patient-derived xenograft (PDX) established
from the patient. Briefly, a fragment of lung metastasis obtained from
the patient (diameter of around 3-4 mm) was implanted into the
interscapular fat pad of a BALB/c Rag2 —/—; I12rg —/— (BRG) immu-
nodeficient mice [32]. After euthanizing the BRG mouse used for PDX
establishment, the tumor mass was excised and collected in cold PBS.
The tumor mass was then dissected, and the resulting fragments were
placed into 25 cm? PRIMARIA tissue culture flasks (Corning). The cell
lines were established in MammoCult medium (STEMCELL Technolo-
gies) supplemented with 1 % fetal bovine serum (FBS, Thermo Fisher
Scientific), 100 U/mL penicillin, and 100 pg/mL streptomycin (Thermo
Fisher Scientific) and were subsequently maintained in standard cell
culture conditions.

2.4. Genomic analyses

Next generation sequencing analyses were performed at different
depths and in different samples to better elucidate potential resistance
mechanisms.

Targeted sequence analysis.

Next Generation Sequencing was performed using the TruSight
Oncology 500 (Illumina) on the NextSeq550 platform (Illumina®, San
Diego, CA) according to the manufacturer’s protocol. Genomic DNA and
RNA were extracted using the QIAamp DNA Blood Mini Kit (Qiagen®,
Valencia, CA, USA) and quantified with QuantiFluor® dsDNA and
QuantiFluor® RNA System (Promega).

Whole Genome Sequencing (WGS).

According to the manufacturer's instructions, genomic DNA was
extracted using the Qiamp DNA mini-Kit (Qiagen). DNA libraries were
prepared by Eurofins Genomics (Germany) using Illumina technology
with paired-end sequencing (2x150bp reads), generating an average of
90 GB of raw data per sample. Raw sequencing data were preprocessed
to obtain clean reads for downstream analysis. Good quality reads were
mapped against the human reference genome sequence (hg19 release)
using BWA MEM version 0.7.12 [33], within the Sentieon framework
version 202308.03. The SNP and InDel calling were also conducted
using Sentieon’s DNAscope version 0.5.

2.5. Bioinformatics analysis

After variant calling and annotation, genetic data underwent quality
controls using beftools version 1.17 [34]. Variants flagged as PASS and
with aread depth (DP) > 10 were retained. Additionally, variants shared
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between parental and each treated cell line or unique to each treated cell
line were selected using vcftools version 0.1.17 [35]. Finally, variants
with a variant allele frequency (VAF) > 0.05 and predicted to have a
nonsynonymous effect were kept for further analysis. Genes function-
ality was assessed using the Search Tool for the Retrieval of Interacting
Genes/Proteins (STRING) database version 12.0 [36] with parameters
set to include the full network type, all the available interaction sources
(“Textmining”, “Experiments”, “Databases”, “Co-expression”, “Neigh-
borhood”, “Gene Fusion”, and “Co-occurrence”), and a minimum
required interaction confidence score of 0.400 (medium confidence).
STRING enrichment analysis was performed on the Gene Ontology
[37,38] database, applying the Benjamini-Hochberg procedure to con-
trol the false discovery rate (FDR) at a threshold of < 0.05.

2.6. Rna sequencing and analysis

The transcriptomics design included 8 samples, each processed in
duplicate to ensure robustness.

Total RNA was extracted using the miRNeasy Mini Kit (Qiagen,
Venlo, The Netherlands), following the manufacturer’s total RNA
extraction protocol. RNA quality was assessed with Bioanalyzer and
samples with RNA integrity number (RIN) greater than 8 were used for
library preparation. RNA-Seq libraries were generated using the Qiagen
QIAseq FastSelect RNA Removal Kit and the Qiagen QIAseq Stranded
Total RNA Library Kit, strictly following the manufacturer’s in-
structions. Briefly, 500 ng of total RNA was used as the input for each
sample. The protocol included a first step of Ribosomal RNA (rRNA)
removal obtained using Qiagen FastSelect kits after a heat fragmentation
step. Subsequently, first-strand synthesis using reverse transcription,
second strand synthesis, end-repair, A-tailing, and adapter ligation steps
were performed as detailed in the kit manual.

The resulting DNA libraries were evaluated for quality and quantity
using the Agilent TapeStation system using the Agilent High Sensitivity
DNA D1000 kit. Equimolar pooling of 16 libraries was performed prior
to sequencing. Sequencing was conducted on the Illumina NextSeq 500
platform using a high-output flow cell and the NextSeq High Output kit
v2.5. Paired-end sequencing was performed with read lengths of 75
nucleotides in each direction, generating a combined read length of 150
nucleotides per fragment indicated for gene expression analysis.

Raw sequencing data were processed to produce FASTQ files, which
were subsequently trimmed and aligned to the human reference genome
(hg 19) using the STAR aligner version 2.7.10a for transcript mapping
and counting. Gene-level raw counts were normalized using DESeq2.

Differential expression between groups was assessed using a 2-fold
change threshold combined with a moderated t-test. To control false
positives arising from multiple testing, p-values were adjusted using the
Benjamini-Hochberg procedure to control the false discovery rate (FDR)
at 5 %. All statistical analyses were performed using GeneSpring GX
software.

A Gene Set Enrichment Analysis (GSEA) was performed using the
HALLMARK gene sets from the MSigDB (Molecular Signatures Database)
through the clusterProfiler package in R.

2.7. Quantitative Real-Time PCR

Total RNA was isolated using the RNAeasy Mini Kit (Qiagen, Venlo,
The Netherlands) and quantitative real-time polymerase chain reaction
(PCR) was performed as previously described [39]. Primers for HGF
(QT00065695) and CXCL1 (QT00199752) were purchased from Qiagen.
The housekeeping genes Actin and GAPDH were also obtained from
Qiagen (QT01680476 and QT00079247).

2.8. Fluorescence in Situ Hybridization

Cells were fixed with 4 % paraformaldehyde, cytospinned and pre-
treated in SSC 2x buffer for 30 min at 80 °C. MET amplification was
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Fig. 1. Generation of sotorasib and adagrasib resistant clones. (A-B) NSCLC cells H23, Calu-1, H358 and A549 were treated with increasing doses of sotorasib
(A) or adagrasib (B) for 72 h and cell proliferation was assessed by SRB assay and expressed as percent vs untreated (CTRL) cells. (C) Schematic representation of
timing for isolation of resistant clones. (D-E) H23 parental cells and S1, S2, Al and A2 clones were treated with increasing doses of sotorasib (D) or adagrasib (E),
respectively and after 72 h cell proliferation was evaluated by SRB assay and expressed as percent vs untreated (CTRL) cells. (F) The level of ERK1/2 phosphorylation
was evaluated in H23 cells, in the absence or the presence of 1 uM sotorasib or 0.5 uM adagrasib for 24 h and in the S1, S2, A1, and A2 clones at the same drug dosage.
(G-H) All the resistant clones were treated with increasing doses of both KRAS®'2C inhibitors; after 72 h cell proliferation was assessed by SRB assay and the results
were expressed as percent vs. untreated (CTRL) cells for both adagrasib (G) and sotorasib (H). A, B, F, G, and H are representative of two independent experiments; D

and E are the average of three independent experiments.

evaluated using specific a specific probe (Leica Bosystems) and
following manufacturer’s instructions. MET was considered amplified
when 5 MET gene copies are detected in > 40 % of the cells. Samples
were viewed at 1000X magnification, employing a Nikon Ni-U fluores-
cence microscope (Nikon Corporation, Tokyo, Japan) equipped with an
optic fiber. Images were acquired by the software NIS-Elements AR
5.01.00.

2.9. Measurement of HGF and CXCL1 production

The ELISA Quantikine Human Immunoassay kits (R&D System,
Minneapolis, MN, USA) were used to quantify human HGF and CXCL1 in
cell culture media, following the manufacturer’s instructions.

2.10. Flow cytometry

To determine membrane expression of CXCR2, cells were harvested
and incubated with either phycoerythrin (PE)-conjugated mouse IgG1
isotype control or PE-conjugated anti-human CXCR2 antibody (BD
Biosciences, San Jose, CA, USA). The quantification was performed
using a Beckman FC500 flow cytometer and data were analyzed with
FCS express software (De Novo software, Pasadena, CA, USA).

2.11. Cell viability and apoptosis assays

Cell viability was measured using the SRB (sulforhodamine B) assay.
Briefly, 3 x 10° cells were seeded into 96-well plates. After 72 h treat-
ment, cells were fixed with 50 % ice-cold trichloroacetic acid (TCA) and
stained with 0.4 % SRB solution in 1 % acetic acid. Tris(hydroxymethyl)
aminomethane solution pH 8.8 was added to solubilize SRB, and the
optical density (OD) was measured at 490 nm. Drug-induced apoptotic
effect was evaluated using the eBioscience Annexin C-FITC Apoptosis

Detection Kit (Invitrogen CN: BMS500FI-100) according to the manu-
facturer’s instructions. Flow cytometry analysis was performed using the
Cytoflex cytometer (Beckman Coulter), and data was processed by
CytExpert software. Cell death was quantified as the combined per-
centage of Annexin V positive and propidium iodide positive cells.

2.12. Cell migration and Spheroid generation

The migration assay was carried out using 6.5 mm Transwell® with
8.0 um Pore Polycarbonate Membrane Insert (Corning, NY, USA) as
previously described [39]. Briefly, 10° cells were loaded in the upper
wells. After 16 h, cells that have migrated through the PET membranes
were fixed with 100 % methanol, stained with hematoxylin and counted
under a Phase contrast microscope.

To generate 3D spheroids, U-shaped 96-well plates were covered
with 80 L of warm 1.5 % agarose in PBS. After 30 min 1.5 x 10° cells
were added in 80 pL of medium and after 24 h drugs were added to the
medium. Pictures of spheroids were taken every 5 days using Nikon
Eclipse E400 Microscope with digital Net camera.

2.13. Evaluation of the effects of drug combinations

To evaluate the combined effects of the drugs, the Combenefit soft-
ware was used. This software employs a dose-matrix approach to predict
potential synergy, antagonism, or additivity between drugs [40]. BLISS
model is a statistical model used to evaluate drug combination synergy
by comparing observed effects to expected additive outcomes from
single agents, with positive excess indicating synergy. HSA model
assessed combination efficacy by contrasting the mixture's effect against
the strongest single drug response.
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Fig. 2. RNAseq analysis of KRAS®'2€ resistant clones. (A-B) Volcano plot of sotorasib (A) or adagrasib (B) resistant clones vs H23 cells treated with sotorasib or
adagrasib 1 and 0.5 pM, respectively. (C-D) Gene Set Enrichment Analysis (GSEA) was performed to identify the main biological pathways activated or suppressed in
sotorasib (C) and adagrasib-resistant clones (D). (E) Venn diagram reveals overlapping upregulated genes amongst sotorasib and adagrasib-resistant clones.
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2.14. Western blotting

Procedures for protein extraction, solubilization, and protein anal-
ysis by 1-D PAGE were previously described. Antibodies against p-
ERK1/2 (Thr202/Tyr204), p-MET (Tyr1234/1235), p-AKT (Ser473), p-
STAT3 (Ser705), p-IxBa (Ser32), ERK1/2, AKT, c-MET, STAT3, IkBa, E-
cadherin, Snail, Slug, vimentin and HRP-conjugated secondary anti-
bodies were obtained from Cell Signaling Technology (Danvers, MA.
USA); Actin was from Invitrogen (Thermo Fisher, MA, USA); N-cadherin
was from Ab Clonal (Woburn, MA, USA); the chemiluminescence system
(Immobilion™ Western Chemiluminescent HRP Substrate) was from
Millipore (Temecula, CA, USA). Reagents for electrophoresis and blot-
ting analysis were supplied from BIO-RAD (Hercules, CA, USA). The
chemiluminescent signal was acquired using the C-DiGit R Blot Scanner.

2.15. Digital live imaging

The digital holographic microscope HoloMonitor® M4 was used to
monitor cell growth and morphology in culture. Cells were seeded into a
96-well lumox® plate (Sarstedt) at a density of 3 x 10°® cells. After
allowing the cell adhesion, HoloLids (71130, Phase Holographic Imag-
ing AB), were replaced on the plate lid, and the well plate was then
immediately positioned on the HoloMonitor® M4, inside a humidified
incubator maintained at 37 °C and 5 % CO,. Cell images were captured
at time interval of 4 h. At the end of the experiment, M4 Studio tracking
software 2.6.2 was used to analyze the data.

2.16. Statistical analysis

Statistical analyses were carried out using GraphPad Prism version
8.0 software (GraphPad Software, San Diego, CA). Comparisons were
performed by the two-tailed Student’s t-test, and the ANOVA test and p-
values are indicated where appropriate.

3. Results
3.1. Generation of H23-resistant clones to KRAS®1%C inhibitors

The KRAS-mutated NSCLC cell lines H358, H23 and Calu-1, which
express KRASGlzC, as well as A549, which expresses KRASGIZS, were
treated with the KRAS®!?¢ inhibitors sotorasib and adagrasib. As ex-
pected, (Fig. 1A-B), cancer cells harboring the KRAS®'2C mutation were
more responsive to treatment with both sotorasib and adagrasib (ICsg in
the low nanomolar range) compared to the A549 cell line (IC5¢ < 10 and
1 pM for sotorasib and adagrasib respectively).

We generated resistant clones by treating sensitive H23 cells (ICso =
32 and 14 nM for sotorasib and adagrasib, respectively) with increasing
drug concentrations. After four months for sotorasib and six months for
adagrasib (Fig. 1C), we isolated and expanded four independent clones
from single cells: S1 and S2 resistant to sotorasib (ICso = 3.4 and 2.7 uM,
respectively) (Fig. 1D), and Al and A2 resistant to adagrasib (ICsy =
0.95 and 0.76 uM, respectively) (Fig. 1E) which proliferated freely in the
presence of 1 pM sotorasib (clones S1 and S2) and 0.5 uM adagrasib
(clones Al and A2). We then analysed the activation of the KRAS
effector ERK1/2 by immunoblotting. Sotorasib or adagrasib treatment
strongly decreased ERK1/2 phosphorylation in H23 cells, while all the
resistant clones maintained ERK1/2 activation despite drug treatments
(Fig. 1F). It is noteworthy that sotorasib resistance is associated with
adagrasib resistance (Fig. 1G). Similarly, A1 and A2 demonstrated
resistance to sotorasib (Fig. 1H), confirming cross-resistance.

3.2. Evaluation of genetic alterations and analysis of RNA transcriptome
in resistant clones over parental cells

An NGS analysis on approximately 500 genes was performed to
identify potential genetic alterations responsible for resistance to KRAS
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inhibitors.

The resistant clones (S1, S2, A1l and A2) retained the KRASC12C
mutation, exhibiting an allelic frequency that was analogous to that of
the H23 parental cells (80.8 %, 75.7 %, 76 % and 75 % versus 75.1 %).
No secondary KRAS mutations were reported. Aiming at the identifica-
tion of candidate variants, we obtained 23 variants (Table S1) across 13
chromosomes presented in at least one cell clone and absent in the
parental cells. Among these, the most abundant comprised 8 missense, 7
intronic, and 3 splice region variants. Only the 7 missense variants
(underlined in Table S1) were further taken into consideration, ac-
cording to their biological meaning. All the selected variants were het-
erozygotes in all the clones. Clones S1 and Al were characterized by the
presence of 3 variants each, clone S2 by 2 variants, while clone A2
displayed only a single variant. No variants were shared between the
four clones, and only a single variant located on gene MSH6
(NM_000179.2¢.2137G > C; p.(Asp713His)) was shared between three
of them (S1, S2, and A1), with a higher VAF in the sotorasib clones (VAF
= 14 % and VAF = 13 %) than in the adagrasib clone (VAF = 6 %).
Computational functional analysis identified 7 nodes (genes) connected
by 6 edges, with an average node degree of 1.71 and a protein—protein
interaction (PPI) enrichment p-value of 0.000101 (not shown). How-
ever, no significant functional terms were identified in any database.

Since this analysis did not show any clear genetic alteration involved
in resistance to KRAS inhibitors, to further dissect molecular features of
resistant clones, we performed a RNAseq analysis to compare the
expression levels of mRNAs between resistant clones maintained with
sotorasib or adagrasib and H23-treated parental cells. We identified 320
and 306 genes differently expressed in sotorasib and adagrasib-resistant
clones, over H23-treated cells, respectively (Fig. 2A-B). A GSEA was
performed to identify the main biological pathways activated or sup-
pressed in sotorasib and adagrasib-resistant clones (Fig. 2C-D). The re-
sults were visualized using a bubble plot, which displays for each
pathway the enrichment level (NES) and statistical significance (FDR).

In both sotorasib and adagrasib resistant clones, EMT, E2F targets,
GoM checkpoint, MYC targets (V1 and V2), mTORC1 signaling, in-
flammatory response, and KRAS signaling up, were strongly activated,
whereas the KRAS signaling DN pathway was downregulated, support-
ing the idea that sotorasib or adagrasib resistance drives cells towards
more aggressive, proliferative and trans-differentiated states. We then
evaluated the most common altered genes and as reported by the Venn
diagram in Fig. 2E, 24 genes were upregulated in both sotorasib- and
adagrasib-resistant clones (Table S2), whereas 44 and 97 genes were
upregulated only in S1-2 and Al-2, respectively. Among the commonly
upregulated genes, we focused our attention on the two soluble factors
CXCL1 and HGF, which are known to activate the CXCR2 and MET
membrane receptors, respectively. The CXCL1/CXCR2 and the HGF/c-
MET axes are attractive targets for therapy, with drugs like CXCR2 an-
tagonists (e.g., SB225002) and MET inhibitors showing promise in
preclinical and clinical studies [21,41].

3.3. CXCL1/CXCR2 and MET/HGF pathways are activated in sotorasib
and adagrasib-resistant clones

The mRNA levels of CXCL1 and HGF were confirmed to be signifi-
cantly increased in the resistant clones in comparison to the control
cells, as demonstrated by RT-PCR analysis (Fig. 3A-B). Furthermore,
ELISA assays revealed elevated secretion in the culture medium of the
cytokines CXCL1 and HGF in the resistant clones (Fig. 3C-D).

We therefore investigated the signaling pathways that are modulated
by HGF and CXCL1. As illustrated in Fig. 3E, a significant increase in
phospho-MET was observed in both adagrasib and sotorasib-resistant
clones. It is interesting to note that also the MET protein level was
increased in cells treated with inhibitors particularly in resistant clones.
MET amplification was excluded based on the results of FISH analysis
(Fig. S1). Furthermore, resistant clones exhibited increased CXCR2
levels compared to sotorasib or adagrasib H23-treated parental cells, as
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Fig. 3. Evaluation of HGF/c-MET and CXCL1/CXCR2 axes activation in resistant clones. S1, S2, A1 and A2 cells were maintained with 1 and 0.5 uM of sotorasib
and adagrasib, respectively and RT-PCR was performed to check the levels of (A) HGF and (B) CXCL1 mRNAs represented as fold increase (FI) vs treated parental
cells. Secreted HGF (C) and CXCL1 (D) proteins were evaluated by ELISA assay after 48 h of treatment and represented as fold increase (FI) vs treated parental cells.
(E) H23, S1, S2, Al, and A2 cells were treated with 1 or 0.5 uM sotorasib or adagrasib, respectively; protein phosphorylation status of MET, AKT, ERK1/2 STAT3 and
IkBa and EMT markers were analyzed by western blotting after 16 h. Flow cytometry representative analysis (F) and quantification (G) of CXCR2 membrane level
after 24 h of treatment. (H) Cells were seeded in 8 um pore transwell and after 16 h cells that have migrated through the membranes were counted under a Phase
contrast microscope. Results are expressed as fold change compared to treated parental cells. *p < 0.05; **p < 0.01; ***p < 0.001. A, B, C, D, and G are the average of
three independent experiments; E and H are representative of two independent experiments.

evaluated by flow cytometry (Fig. 3F-G).

CXCL1/CXCR2 signaling has been demonstrated to facilitate cell
proliferation and survival through PI3K/AKT, MAPK/p38, RAS/ERK
and NF-xB pathways [15,23]. Similarly, HGF/c-MET is reported to
activate intracellular signaling as PI3K/AKT, FAK, and RAS/ERK axes
[42]. Based on these data, ERK1/2 and AKT signaling were analyzed in
S1, S2, Al and A2 cell clones compared to parental cells treated with
sotorasib and adagrasib. As reported in Fig. 3E, the immunoblot analysis
confirmed the presence of ERK1/2 phosphorylation in our clones as
previously reported (Fig. 1E). Moreover, we observed a significant in-
crease in AKT phosphorylation in all the tested clones. This, together
with the activation of ERK1/2 signaling, suggests that both pathways are
fully engaged in promoting survival and proliferation in these resistant
clones. Additionally, the phosphorylation of IkBu increased slightly in
resistant clones, indicating that NF-xB may be moving to the nucleus to
initiate gene expression and control inflammation, immunity, and cell
survival.

Finally, we evaluated the activation of the STAT3 protein, given that
the activation of STAT3 signalling may be controlled by the activation of
the CXCR2/CXCL1 axis. We demonstrated that the inhibition of KRAS by
sotorasib or adagrasib in sensitive cells upregulated STAT3 phosphory-
lation, however in the resistant clones the level of STAT3 was similar to
control cells. These results ruled out the possibility that STAT3 may play
a role in sustaining resistance to KRAS inhibitors in our clones.

Both MET and CXCR2 play a crucial role in the EMT by promoting
the loss of epithelial characteristics and the gain of mesenchymal traits
in cancer cells [43-45]. As reported in Fig. 3E, all the resistant clones
exhibited a marked increase in the mesenchymal markers N-cadherin
and Slug associated with a decrease in the epithelial marker E-cadherin

compared with H23 parental cells. For Snail protein, an increase in its
levels was shown in all the clones in comparison with H23 cells treated
with both KRAS®'2C inhibitors. Resistant cells displayed increased
migratory capability as shown in Fig. 3H and failed to generate stable
spheroids as parental H23 cells did (Fig. S2); instead, they generated
unstable cell aggregates as reported for cancer cells with reduced E-
cadherin and high N-cadherin levels [46,47].

These results strongly suggest that the activation of both HGF/c-MET
and CXCL1/CXCR2 pathways induced the EMT and promoted migration
of all the tested clones.

3.4. The pharmacological inhibition of CXCL1/CXCR2 and HGF/c-MET
axes caused a synergistic inhibition of cell proliferation, induced apoptosis
and reverted EMT in both sotorasib and adagrasib-resistant clones

Having established that both the HGF-c-MET and the CXCL1-CXCR2
signaling pathways were activated in the resistant clones, we evaluated
whether combining specific drugs that target these pathways would
produce a synergistic effect in terms of inhibiting cancer cell prolifera-
tion. As shown in Fig. 4A-B, we treated the resistant cell clones S2 and
A2 with different doses of crizotinib (c-MET inhibitor) and SB225002
(CXCR2/CXCL1 binding inhibitor) in a combined setting to assess the
effects of drug interaction. Using the HSA and Bliss model in the Com-
benefit software, we calculated the additivity, synergism or antagonism
produced by the combination of different doses of crizotinib and
SB225002. Results shown in Fig. 4 indicated that the combination
produced synergistic effects in both clones by using HSA model mean-
while the effects were additive in S2 when Bliss model was used. There
was no antagonism in any drug dose combination. These data suggested
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Fig. 4. Isobologram analysis and synergism determination. S2 and A2 cells were treated with increasing doses of crizotinib and SB225002; after 72 h, cell
proliferation was assessed by SRB assay, and the effect of this combination was evaluated by Combenefit software (HSA & Bliss Models). Data are representative of

three independent experiments.

that dual inhibition of the ¢c-MET and CXCR2 receptors could be a
promising strategy for bypassing resistance to KRAS inhibitors.

To further explore this hypothesis, we next evaluated the impact of
this combination on the signaling pathways activated in resistant clones.
The dose-response of crizotinib and SB225002 in clone A2 (see Fig. S3)
indicated that crizotinib inhibited p-MET, p-AKT and p-ERK1/2 at 50
nM and CXCR2 inhibition by SB225002 reduced p-AKT, p-ERK1/2, and
p-IkBa at concentrations of 500 nM or higher. The activation of down-
stream pathways was not fully suppressed, which provides a mechanistic
basis for combined therapeutic strategies.

As shown in Fig. 5A, crizotinib-SB225002 combination strongly
reduced AKT and ERK1/2 phosphorylation in both the resistant clones.
Both single agents but more effectively their combination, promoted a
reversal of EMT, as indicated by the reduced expression of the mesen-
chymal markers’ vimentin and N-cadherin and increased expression of
the epithelial marker E-cadherin in both S2 and A2 clones Fig. 5B.
Moreover, a significant increase in apoptosis, as evaluated by Annexin
assay, was observed in the combination treatment compared to either
single drug in both clones (Fig. 5C-D).

These results demonstrate that the crizotinib-SB205002 combination
reduced cell viability, reversed EMT and induced apoptosis in sotorasib-
and adagrasib-resistant clones.

3.5. The combination of SB225002 with crizotinib caused a strong
antiproliferative and proapoptotic effect in patient-derived cell cultures

To further explore the rationale behind this combination in the
context of primary resistance to KRAS®!?C inhibitors, we used two
NSCLC cell cultures (ADK-35 and ADK-35a) derived from a PDX estab-
lished from a patient who experienced rapid progression following third-
line sotorasib therapy. As expected, both the cell lines were resistant to
sotorasib (ICsp > 5 uM) (Fig. 6A) and a cross resistance was also

demonstrated to adagrasib (ICsg ~ 1 uM) (Fig. 6B).

To investigate the presence of genetic alterations that could account
for the resistance to KRAS®'2C inhibitors, a WGS analysis was per-
formed. Both cells retained KRAS®'2C mutation, and no secondary KRAS
alterations were identified (data not shown). Interestingly, although
both cancer cell cultures originated from the same patient, they dis-
played some distinct genomic alterations (87 and 100 in ADK-35 and
ADK 35a, respectively), as indicated in Fig. S4A.

The network map (Fig. S4B) provides a high-resolution perspective
on how overlapping (shared) and distinct (clone-specific) gene muta-
tions structurally and functionally drive a spectrum of resistant pheno-
types. The study demonstrates how the genetic background of each
clone influences the key adaptive pathways. These included DNA repair,
cell signaling (e.g. MAPK/PI3K, TGF-p), oxidative stress resistance (e.g.
NRF2), and therapy resistance. Indeed, the presence of KEAP1, SKT11,
SMARCAA4, and TP53 common genetic alterations could account for the
resistance to KRAS®!2C drugs as previously reported [48,49]. While
these alterations may account for the intrinsic resistance to sotorasib and
adagrasib, we sought to determine whether targeting the HGF/c-MET
and CXCL1/CXCR2 signaling pathways could also prove to be effective
in these models.

To this end, we first determined the mRNA and protein levels of HGF
and CXCL1 in both ADK-35 and ADK-35a cells. These levels were then
compared with those of the S2 clone, which is, as previously described,
representative of resistance to sotorasib and is characterized by elevated
expression of both the transcript and protein levels of CXCL1 and HGF
(see Fig. 3A-B). As illustrated in Fig. 6C-F, mRNA and protein levels for
CXCL1 and HGF were higher or at comparable levels than those reported
for the S2 clone.

Combining SB225002 and crizotinib produced a robust, synergistic
anti-proliferative effect in both ADK-35 and ADK35-a cells as evaluated
by the Combenefit software (BLISS and HSA models) (Fig. 7A-B and
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average of three independent experiments.
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Fig. S5) and by holographic image analysis (Fig. 7C-D) with the inhi-
bition of AKT and ERK1/2 phosphorylation (Fig. 7E-F) providing further
evidence to support our therapeutic approach. This marked anti-
proliferative effect was also associated with an increase in apoptosis
already detectable after 24 h (Fig. 7G-H), when the cells were exposed to
the crizotinib-SB205002 combination.

4. Discussion

Resistance to KRAS inhibitors such as sotorasib and adagrasib re-
mains a major therapeutic challenge in NSCLC. In this study, we
demonstrate for the first time that resistance to KRAS®12C inhibition is
linked to elevated expression and secretion of CXCL1 and HGF, leading
to activation of their respective receptors, CXCR2 and c-MET, through
an autocrine mechanism. Notably, this phenotype was consistently
observed across all resistant clones, whether displaying acquired or
intrinsic resistance and independent of underlying genetic alterations,
highlighting a common behavior associated with KRAS inhibition
resistance. Remarkably, simultaneous blockade of the HGF/c-MET and
CXCL1/CXCR2 axes produced a synergistic effect, suppressing tumor
cell proliferation and inducing apoptosis, thereby providing a compel-
ling rationale for dual targeting as a therapeutic strategy to overcome
KRAS inhibitors resistance.

CXCL1 is significantly upregulated in lung adenocarcinoma tissues
and correlates with advanced stage and poor overall survival [50].
Enhanced activation of the CXCL1/CXCR2 axis contributes to drug
resistance by promoting cancer cell survival, migration, and immune
evasion. The underlying mechanisms include NF-kB activation, upre-
gulation of BCL-2, induction of autophagy, reduced expression of su-
peroxide dismutase 1 (SOD1), recruitment of myeloid-derived

10

suppressor cells (MDSCs) and neutrophils, and increased expression of
PD-L1 [21]. Interestingly, in some cases, the increase in the expression of
CXCL1 and other CXCR2 ligands may not be a direct mechanism but a
marker of chemoresistance [51].

Abnormal activation of HGF/c-MET signaling and its downstream
pathway are present in a variety of tumors, and they are associated with
poor prognosis and drug resistance. Overexpression or constitutive
activation of c-MET, and secretion of HGF leading to an autocrine
activation loop are reported as mechanisms of c-MET-driven chemo-
resistance [52].

MET amplification has been reported as a mechanism of sotorasib
resistance in H23 NSCLC cells-derived clones [31] and its clinical rele-
vance has been very recently reported by Riedel et al [53]. A retro-
spective analysis indicated that in 4 out of 9 patients progressed to
sotorasib a high-level MET amplification was detected by FISH, and one
patient achieved a partial response to the combination of sotorasib and
of the MET inhibitor tepotinib. Preclinical data with tepotinib plus the V
ATPase inhibitor omeprazole demonstrated robust synergistic activity in
KRAS mutant models, including sotorasib resistant cells, thereby vali-
dating MET directed combinations as an effective strategy to revert
KRAS®'%C inhibitor resistance [54].

In the resistant models under our investigation, a significant increase
in phospho-MET was observed in both adagrasib-resistant and sotorasib-
resistant clones. Furthermore, an increase in MET protein level was also
noted. However, the results of FISH analysis excluded the presence of
MET amplification. Moreover, RNAseq analysis did not show increased
transcription of the c-MET gene. Our data indicated a high level of c-
MET in the resistant clones without gene amplification, and this obser-
vation has been previously reported in some ALK-positive or EGFR-
mutated NSCLC patients [55]. Other mechanisms, such as increased
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Fig. 7. Effects of the combination of crizotinib and SB225002 in resistant patient-derived cell cultures. ADK-35 (A) and ADK-35a (B) cells were treated with
increasing doses of crizotinib and SB225002 and after 72 h, cell proliferation was assessed by SRB assay, and the effect of this combination was evaluated by
Combenefit software (Bliss model) and by holographic image analysis (C-D). Western blot analysis of indicated proteins in ADK-35 (E) and ADK-35a (F) cells treated
with 50 nM crizotinib, 500 nM SB225002 or their combination for 1 h. (G-H) ADK-35 and ADK-35a cells were treated with 50 nM crizotinib, 500 nM SB205002, or

are representative of two independent experiments; G is representative of three independent experiments; H is the average of three independent experiments.

translation of the c-MET protein or c-MET protein stabilization, could be
responsible for c-MET overexpression [56].

MET-amplified H23ARC11 cells [31] expressed higher levels of
phosphorylated AKT than H23 cells and MET knockdown diminished
the AKT activation recovering sotorasib sensitivity in H23ARC11 cells.
Adachi et al. [57] reported that sotorasib-resistant NSCLC cell lines
exhibited IGFR-IRS1 pathway activation able to sustain PI3K phos-
phorylation in the presence of sotorasib. The use of a PI3K inhibitor
restored sensitivity to sotorasib. AKT phosphorylation was increased in
all our resistant clones suggesting that this pathway was involved in
promoting survival and proliferation in the presence of KRAS inhibitors.
Crizotinib alone failed to suppress AKT phosphorylation that was
instead almost completely inhibited when crizotinib was combined with
the CXCR2 inhibitor SB225002. These data suggest that both MET and
CXCR2 axes promoted AKT activation and that the suppression of either
these two pathways was important to achieve a suppression of prolif-
eration and viability of resistant cells.

We also demonstrated that KRAS®'2€ inhibition in H23 parental cells
resulted in increased STAT3 phosphorylation. In the resistant clones,
however, the level of STAT3 was similar to that in control cells. These
results confirmed the inverse relationship between STAT3 and ERK
phosphorylation reported in previous papers. Pan and coauthors [58]
have recently demonstrated that the ERK inhibitor selumetinib induced
STAT3 activation and that the STAT3 inhibitor napabucasin led to ERK
activation in KRAS mutated NSCLC cells and MEK inhibitors efficiently
blocked the phosphorylation of ERK1/2 while STAT3 signaling was
rapidly activated in esophageal squamous cell carcinoma [59].

In H23 cells, sotorasib and adagrasib inhibited ERK1/2 phosphory-
lation, resulting in increased STAT3 activation. By contrast, RAS in-
hibitors failed to inhibit ERK1/2 activation in resistant clones,
consequently reducing STAT3 phosphorylation to basal levels. These
results ruled out the possibility that STAT3 plays a role in sustaining
resistance to sotorasib in our clones.

Genomic analysis performed in sotorasib, and adagrasib-resistant
H23-derived clones did not clarify the mechanism by which resistant
cells produce and secrete CXCL1 and HGF. In these clones, we did not
observe a common genetic alteration responsible for resistance. The 7
missense variants were jointly analyzed with the four biologically rele-
vant genes differently expressed in sotorasib and adagrasib-resistant
clones, CXCL1, HGF and their receptors CXCR2 and MET. The result-
ing network comprised 11 nodes connected by 11 edges with a PPI
enrichment p-value p = 8.3x107°. The network showed the CSF3R gene
as pivotal between genes harboring missense variants and biologically
relevant genes. Of note, significant KEGG pathways were observed, such
as “Pathways in cancer” (FDR = 0.0227; involving MSH6, CSF3R, HGF,
and MET genes), “Cytokine-cytokine receptor interaction” (FDR =
0.0380; involving CSF3R, CXCL1, and CXCR2 genes), and “PI3K-AKT
signaling pathway (FDR = 0.0412; involving CSF3R, HGF, and MET
genes). However, CSF3R was a variant detected only in S1 clone with a
frequency of 12 %.

WGS analysis performed in ADK cell cultures derived from sotorasib-
resistant patient-derived xenografts showed the presence of STK11,
SMARCA4, and TP53 as common genetic alterations that could be
responsible for the resistance to KRAS®'2€ inhibitors, as previously re-
ported [49]. Loss and/or somatic mutation of STK11 in tumor cells has
been reported to lead to the upregulation of several cytokines including
CXCL1 [60] and mutant p53 drives CXCL1 expression in pancreatic [61]
and breast cancer [62]. However, a direct correlation in our cell lines
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remains to be fully clarified.

Sensitivity to the KRAS®!2€ inhibitor sotorasib has been linked to an
epithelial-like phenotype, while the induction of EMT has been associ-
ated with acquired resistance to this drug [57]. The role of c-MET in
driving EMT is well known [45,63]; notably, the CXCR2 receptor has
also been implicated in promoting EMT across various cancer types. The
CXCR2/CXCLS5 axis induces EMT in hepatocellular carcinoma cells by
activating the PI3K/AKT/GSK-3p/Snail signaling pathway [64]. In renal
cell carcinoma CXCR2 and Snail-1 induce EMT, enhancing tumor inva-
siveness and metastatic potential via the ERK1/2 signaling pathway
[65]. Our data confirms that the activation of the HGF/c-MET and
CXCL1/CXCR2 axes is associated with cadherin switching, which is
characterized by an increase in N-cadherin, Snail and Slug, and a
decrease in E-cadherin.

The therapeutic potential of targeting CXCL1 and its receptor,
CXCR2, in cancer treatment has been recently reviewed by Korbecki and
collaborators [21]. SB225002, a well-known CXCR2 antagonist, has
demonstrated antitumor properties against a variety of cancers [21].
SB225002 was confirmed to inhibit the proliferation of lung cancer cells,
induce cell apoptosis, promote lung cancer cell senescence, and inhibit
EMT. In murine models of lung cancer, SB225002 has been shown to
inhibit lung tumour growth by decreasing immune-suppressing
neutrophil infiltration, augmenting the activation of CD8 + T cells,
and improving the therapeutic effect of cisplatin by modulating the
tumour microenvironment [18].

Crizotinib is a multitarget inhibitor, its main targets being ALK,
ROS1, and MET. Crizotinib has shown promise in overcoming acquired
resistance sustained by activation of the HGF/c-MET axis in various
cancers [41]. The association between SB225002 and crizotinib results
in a significant reduction in cell proliferation and induction of apoptosis
in both sotorasib and adagrasib-resistant cells (both with acquired and
primary resistance). These effects appear to be the result of inhibition of
AKT and ERK1/2 phosphorylation associated with EMT reversal. It is
well known that AKT signaling is a key driver of EMT by regulating
transcription factors that suppress epithelial traits and promote mesen-
chymal features, cooperating with other pathways to enhance tumor cell
invasion and metastasis: it has been reported that pharmacological EMT
reversion is a strategy to fight cancer cells with acquired resistance to
KRAS'2 inhibitors [57].

In our context, a full inhibition of signaling and EMT is obtained with
the simultaneous addiction of both the drugs, suggesting that both axes
contributed to bypass the antiproliferative effect of KRAS®'2€ inhibitors.
Although the causality within HGF/c-MET and CXCL1/CXCR2 axes was
supported pharmacologically, complementary genetic gain- and loss-of-
function studies will further strengthen mechanistic inference. The
findings of this study should be considered in light of the following
limitations: in vitro models do not capture the complexity of the tumour
microenvironment, so co-colture models of macrophages and lung
cancer cells and in vivo validation of the combination in xenograft
models are warranted for defining also the optimal dosage and
sequencing of combination therapy. NF-kB and CXCR2 are tightly linked
in inflammatory and tumor biology through reciprocal regulation of
chemokine signaling. Their crosstalk creates a loop that sustains
leukocyte recruitment, angiogenesis, and survival signals. Western blot
analysis (see new Fig. 3E) indicates that IxkBa phosphorylation is
increased in resistant clones, suggesting that NF-kB moves to the nucleus
to initiate gene expression and control inflammation and immunity.
Investigating the role of the CXCL1/CXCR2 receptor and NF-kB in



A. Cavazzoni et al.

p-ERK1/2

Cytoplasm

7 Cell proliferation, growth,

& Nucleus

Lung Cancer 213 (2026) 108939

E-CAD l N-CAD t

i
00

Trans-differentiation,
migration, invasion

]

EMT Inflammatory response .

P 4 survival SN"AlL, \\\_

Fig. 8. Graphical abstract. CXCR2 and c-MET signaling networks sustain resistance to KAS®!?“ inhibitors.

recruiting immune cells and inducing inflammation is of great interest.
However, this issue falls outside the scope of the present manuscript and
requires further dedicated research.

In summary, as depicted in Fig. 8, CXCR2 and c-MET engage over-
lapping and reinforcing signaling networks that contribute to the
maintenance of resistance to KAS®'2C inhibitors. This correlation is
manifested through shared downstream effectors (PI3K/AKT, MAPK),
and EMT promotion. To our knowledge, no previous studies have
investigated the combination of a CXCR2 inhibitor with a ¢-MET in-
hibitor in the context of resistance to KRAS-targeted therapies. From a
clinical perspective, the co-targeting approach employed in the present
study offers a novel perspective on a potentially effective strategy for
bypassing resistance, particularly in tumors exhibiting mesenchymal
features and an inflammatory tumor microenvironment.
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