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A B S T R A C T   

Different EGFR tyrosine kinase inhibitors (TKIs) have been developed for the treatment of non-small cell lung 
cancer (NSCLC) patients harboring sensitizing mutations in the EGFR gene. Apart from acquired secondary 
mutations, multiple resistance mechanisms have been reported, such as the overexpression of fatty acid synthase 
(FASN), a multi-functional enzyme essential for the de novo lipogenesis, or the increase of cancer stem cells, a 
small subpopulation within the tumor responsible for relapse, metastasis, and resistance to therapies. Hence, the 
purpose of this work is to evaluate the novel FASN inhibitor AZ12756122, both alone and in combination with 
gefitinib and osimertinib, in EGFR-mutated (EGFRm) lung adenocarcinoma cell models sensitive and resistant to 
EGFR-TKIs. The molecular effect of AZ12756122 (alone and in combination with EGFR-TKI) on FASN, EGFR/ 
STAT3, Akt/mTOR, and MAPK signaling pathways was analyzed using RT-qPCR and Western blot. FASN 
expression was also evaluated in samples from patients with EGFRm NSCLC through immunohistochemistry. Our 
findings revealed that AZ12756122 caused cytotoxic effects inducing apoptosis, downregulated FASN expression 
and activity, decreased the activation of EGFR and Akt/mTOR pathway, and reduced cancer stem-like cells. 
Furthermore, the combination of AZ12756122 and osimertinib sensitized cells to EGFR-TKI, showing a syner-
gistic effect that resulted in a reduction in the activation of EGFR, Akt/mTOR, and MAPK signaling pathways. 
Our study also showed that FASN+ EGFRm NSCLC patients exhibited a longer mPFS in patients who responded 
to EGFR-TKI treatment. In conclusion, FASN inhibition should be further studied for the treatment, alone or in 
combination with EGFR-TKIs, for EGFRm NSCLC patients.   

1. Introduction 

Lung cancer is the second most common cancer diagnosed and the 

first leading cause of cancer-related death. In 2020, more than 2.2 
million new cases were reported and approximately 1.8 million deaths 
were recorded worldwide in both sexes, according to the World Health 
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Organization [1]. The most frequent subtype is non-small cell lung 
cancer (NSCLC), and around 40% of all lung cancer cases are classified 
as adenocarcinoma. 

Sensitizing mutations in the tyrosine kinase domain of the epidermal 
growth factor receptor (EGFR) gene are frequently found in adenocar-
cinoma and most patients with these mutations are female and non- 
smokers [2–4]. The most common mutations are the exon 19-deletion 
(delE746_A750) and the L858R exon 21-point mutation, which 
together account for 90% of all EGFR mutations [4]. EGFR tyrosine ki-
nase inhibitors (EGFR-TKIs) were designed as targeted therapy against 
these tumors [3]. In 2003, the Food and Drug Administration (FDA) 
approved the first EGFR-TKI, gefitinib, to treat patients with locally 
advanced or metastatic EGFR-mutated (EGFRm) NSCLC for whom 
chemotherapy has failed [5,6]. Despite the good response to the treat-
ment using first- and second-generation EGFR-TKIs compared to 
chemotherapy, 60% of patients developed resistance after the therapy 
due to the acquisition of the secondary point mutation T790M in exon 
20 of the receptor [7]. Hence, a third-generation EGFR-TKI, osimertinib, 
was approved by the FDA in 2015 to treat patients whose tumors 
harbored a sensitizing mutation and/or T790M point mutation [8,9]. 
However, the acquisition of the secondary point mutation C797 in exon 
20 led to patients developing resistance to osimertinib [10]. 

Apart from acquired secondary mutations in the EGFR gene, other 
resistance mechanisms have been described such as the activation of a 
signal transducer and activator of transcription 3 (STAT3) [11], c-Met 
amplification [12], IGF-1R activation [13], HER2 amplification [14], 
AXL activation [15], loss of PTEN expression, PIK3CA and BRAF mu-
tations [16,17], and SCLC transformation [17]. Cancer stem cells (CSCs) 
are tumor-initiating cells resistant to radio- and chemotherapy that 
exhibit self-renewal and pluripotency capacities. This small proportion 
of tumor cells is responsible for relapse and metastasis [18,19]. 
Furthermore, CSCs have demonstrated clonogenic capacity and are able 
to grow in anchorage-independent in vitro conditions forming spheres 
[20]. 

Deregulation of cellular energy metabolism has been identified as a 
hallmark of cancer, and is fundamental for cell growth and division of 
cancer cells [21]. Fatty acid synthase (FASN) is a homodimeric and 
multi-functional enzyme responsible for de novo lipogenesis by cata-
lyzing palmitate from acetyl CoA and malonyl CoA in a 
NADPH-dependent reaction [22]. It has been demonstrated that EGFRm 
mediates the resistance to EGFR-TKIs through the upregulation of the 
FASN expression [23], and consequently the inhibition of FASN resulted 
in cytotoxic effects on sensitive and EGFR-TKI-resistant EGFRm NSCLC 
cells [23,24]. Additionally, FASN inhibition caused the increase of 
radiosensitivity [25] and the reduction of cancer stem-like cells in 
NSCLC [26,27]. 

Therefore, the main objective of this study was to evaluate the novel 
FASN inhibitor, AZ12756122, both alone and in combination with 
gefitinib and osimertinib, in EGFRm lung adenocarcinoma cell models 
sensitive and resistant to EGFR-TKIs. Moreover, the molecular effect of 
AZ12756122 (again both alone and in combination with EGFR-TKI) was 
also analyzed on FASN, EGFR/STAT3, Akt/mTOR, and MAPK signaling 
pathways. The effect of the AZ12751622 compound against cancer 
stem-like cells was also explored. Furthermore, the FASN expression was 
evaluated in 36 tumor samples from patients with EGFRm NSCLC in 
order to validate in vitro results. 

2. Material & methods 

2.1. Chemicals & reagents 

Roswell Park Memorial Institute (RPMI-1640) medium, L-glutamine 
200 nM, phosphate-buffered saline (PBS), penicillin/streptomycin 
10,000 U/mL, sodium pyruvate 100 nM, and trypsin 10 × were provided 
by Lonza (Basilea, Switzerland). Fetal bovine serum (FBS) and Dulbec-
co’s Modified Eagle Medium (DMEM)/F12 (1:1) were obtained from 

HyClone (Logan, UT, USA). The bovine serum albumin (BSA) (≥98.0%), 
Bradford assay, crystal violet, lipoprotein-deficient FBS, para-
formaldehyde, phenylmethylsulfonylfluoride (PMSF), TWEEN® 20, 3– 
(4,5–dimethyl-2–thiazolyl)-2,5–diphenyl-2 H-tetrazolium bromide 
(MTT), and primers (Supplementary Table 1) were acquired from 
Sigma-Aldrich (St. Louis, MO, USA). The BSA Fraction V pH for Western 
blotting (min. 96%) and tris-buffered saline (TBS) were purchased from 
PanReac AppliChem (Gatersleben, Germany). Ethanol absolute, 
dimethyl sulfoxide (DMSO), methanol, chloroform, sodium chloride, 
and potassium hydroxide were supplied by Labkem-Labbox Labware S. 
L. (Barcelona, Spain). Qiazol was provided from Qiagen (Hilden, Ger-
many). The GeneJET RNA Purification Kit, West Femto Maximum 
Sensitivity Substrate, nitrocellulose membranes, and B-27™ supplement 
(50X) were obtained from Thermo Fisher Scientific Inc. (Waltham, MA, 
USA). The High-Capacity cDNA Archive Kit was acquired from Applied 
Biosystems (Foster City, CA, USA). The qPCRBIO SyGreen Mix Lo-Rox 
was purchased from PCR Biosystems Inc. (Wayne, PA, USA). DC Protein 
Assay, Clarity™ Western ECL Substrate, and 40% acrylamide solution 
were supplied by Bio-Rad (Hercules, CA, USA). The sample reducing 
agent and lithium dodecyl sulfate (LDS) sample buffer were provided by 
Invitrogen (Carlsbad, CA, USA) and the lysis buffer was obtained from 
Cell Signaling Technology (CST) Inc. (Danvers, MA, USA). Antibodies 
(Supplementary Table 1) were provided by CST, Abcam (Cambridge, 
UK), ProteinTech® (Manchester, UK), and Roche Diagnostics (Basilea, 
Switzerland). (1,2–14 C) acetic acid sodium salt was acquired from 
Perkin Elmer Biosciences (Waltham, MA, USA). Human epidermal 
growth factor (hEGF) 100 μg and human fibroblast growth factor (hFGF) 
50 μg were purchased from Miltenyi Biotec (Bergisch Gladbach, Ger-
many). The UltraView Universal DAB Detection Kit and Amplification 
Kit were supplied by Roche Diagnostics. The AZ12756122 compound, 
gefitinib, and osimertinib were kindly provided by AstraZeneca (Lon-
don, UK). 

2.2. Cell models 

Human lung adenocarcinoma PC9 and its gefitinib-resistant (GR) 
derivative cell models PC9-GR1, PC9-GR3, and PC9-GR4 were kindly 
provided by Dr. R. Rosell and Dr. M.A. Molina (Barcelona, Spain). 
Mechanisms of resistance in GR models are indicated in Table 1. Cells 
were cultured in RPMI-1640 medium supplemented with 10% FBS and 
50 U/mL penicillin/streptomycin and incubated at 37 ◦C in 5% CO2 
humidified environment and maintained mycoplasma-free. 

2.3. Cell viability assay 

Cells were seeded in adherent cell culture 96-well plates at the 
proper cell density. After 24 h, the cells were treated with a range of 
increasing concentrations of gefitinib, osimertinib, or AZ12756122 for 
72 h for the monotreatment experiments. For the drug combination 
assay, cells were treated with three fixed concentrations of gefitinib (1, 
2.5, and 5 μmol/L) or osimertinib (0.5, 1, and 2 μmol/L) in combination 
of different concentrations of AZ12756122 for 72 h. The MTT assay was 
employed to evaluate cell viability, as reported elsewhere [24]. 
Combinatorial effects were examined using the CompuSyn™ software 
(Biosoft, MO, USA) based on the Chou and Talalay approach [29]. The 
combination index (CI) value determines the effect of the drug combi-
nations: CI < 1 designates a synergistic effect, CI = 1 designates an 
additive effect, and CI > 1 designates an antagonistic effect. 

2.4. Fatty acid synthase activity assay 

Cells were seeded in adherent cell culture 24-well plates at the 
appropriate cell density. After 24 h, the cells were treated with 
AZ12756122 at a concentration equivalent to their IC50 or with the 
vehicle (DMSO) for 72 h and the medium was replaced by RPMI-1640 
supplemented with 1% lipoprotein-deficient FBS. (1,2–14C) acetic acid 
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sodium salt (0.5 μCi/mL) was added to the medium for the last 6 h. The 
cell lysis and lipid extraction was accomplished as previously described 
[30]. Afterwards, cell pellets were radioactive-counted, and the Brad-
ford assay was employed to quantify the total protein content. 

2.5. Quantitative real-time PCR analysis 

Cells were seeded in adherent cell culture plates at the proper cell 
density. After 24 h, the cells were treated with gefitinib, osimertinib or 
AZ12756122 at a concentration equivalent to their IC50 as monotreat-
ment or 25 μmol/L of AZ12756122 in combination with 1 μmol/L osi-
mertinib for 72 h. Thereafter, the cells were rinsed with PBS and 
resuspended in 700 mL of Qiazol. RNA was isolated using a GeneJET 
RNA Purification Kit, quantified by a NanoDrop™ One Micro-volume 
UV–Vis spectrophotometer (Thermo Fisher Scientific, Waltham, MA, 
USA), and reverse-transcribed into complementary DNA (cDNA) 
employing a HighCapacity cDNA Archive Kit. Through the Quant-
Studio3 Real-Time PCR System (Thermo Fisher Scientific Inc., Waltham, 
MA, USA), different gene expression levels were determined using 
qPCRBIO SyGreen Mix Lo-Rox and primers (Table S1). The results were 
calculated using the standard formula 2ΔCT and normalized to the 
housekeeping GAPDH. 

2.6. Western blotting analysis 

Cells were seeded in adherent cell culture plates at the appropriate 
cell density. After 24 h, the cells were treated with gefitinib, osimertinib 
or AZ12756122 at a concentration equivalent to their IC50 as mono-
treatment or 25 μmol/L AZ12756122 in combination with 1 μmol/L 
osimertinib for 72 h. Then, attached and floating cells were collected 
and lysed by vortexing every 5 min for 30 min in an ice-cold lysis buffer 
with 100 μg/mL PMFS. A DC Protein Assay was performed to obtain the 
protein concentration of each sample using a BSA standard curve. The 
same amounts of protein were heated in LDS and reducing agent buffers 
for 10 min at 70 ◦C, separated using SDS-polyacrylamide gel (SDS- 
PAGE) and moved to nitrocellulose membranes. Membranes were 
incubated for 1 h at room temperature in blocking buffer (5% skim milk 
powder in TBS 0.05% Tween (TBS-T)) and overnight at 4 ◦C with the 
corresponding primary antibody (Table S1) diluted in blocking buffer. 
Specific horseradish peroxidase (HRP)-conjugated secondary antibodies 
were incubated for 1 h at room temperature before being detected in the 
Bio-Rad ChemiDoc™ MP Imaging System (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA) using an HRP substrate Clarity™ Western ECL 
Substrate or a West Femto Maximum Sensitivity Substrate. 

2.7. Sphere formation assay 

Cells were seeded in non-adherent cell culture 6-well plates at a low 
cell density for 7 days using DMEM/F12 medium supplemented with 20 
ng/mL B27, hEGF, and hFGF, 1% L-glutamine, and 1% sodium pyruvate. 
The treatment with AZ12756122 at a concentration equivalent to their 
IC10 and IC30 was added at the moment of seeding. Thereafter, spheres 
bigger than 50 µm were counted using an inverted optical microscope. 
The Sphere Formation Index (SFI) was calculated using the following 
formula: 

SFI =
num. spheres

num. cells seeded  

2.8. Colony formation assay 

Cells were seeded in adherent cell culture 6-well plates at a low cell 
density for 7 days. The treatment with AZ12756122 at a concentration 
equivalent to their IC10 and IC30 was added at the moment of seeding. 
Afterwards, cells were rinsed with PBS and 2 mL of 6% para-
formaldehyde + 0.5% of crystal violet was added to each well. After 
30 min, the mixture was removed, the plates were washed by immersing 
them in tap water, and air-dried at room temperature. The Colony 
Formation Index (CFI) was calculated using the following formula: 

CFI =
num. coloniestreatment

num. coloniescontrol  

2.9. Selection of patients 

Between 2006 and 2019, forty-five patients from the Dr. Josep 
Trueta University Hospital (Girona, Spain) with NSCLC harboring exon 
19 deletion and exon 21 L858R activating mutations in EGFR met the 
inclusion criteria. Tumor samples were obtained at the time of diag-
nostic biopsy prior to any treatment. The patients’ clinical characteris-
tics and pathological features of their tumors were examined 
retrospectively and obtained from their medical records. The Response 
Evaluation Criteria in Solid Tumors (RECIST) (version 1.1) was used to 
establish the response to the treatment (complete response, partial 
response, stable disease, and progression disease). All patients had 
received EGFR-TKI, gefitinib or erlotinib, at some point. It should be 
noted that some of patients in our study received other lines of treatment 
after receiving the EGFR-TKI. Thirty-six patients had sufficient tumor 
sample from their biopsies for immunohistochemical analysis. 

2.10. Immunohistochemistry assay of tissue samples 

BenchMark ULTRA-Ventana equipment (Roche Diagnostics) was 
employed to evaluate FASN tumor expression by immunohistochemistry 
(IHC) in 3 µm thick slides from formalin-fixed paraffin-embedded tissue 
blocks of the tumor. The FASN rabbit monoclonal antibody was detected 
using an UltraView Universal DAB Detection Kit and an Amplification 
Kit. Instead of the primary antibody, a similar concentration of mouse 
IgG was used as a negative control. Adipose tissue next to a FASN- 
overexpressing ductal-type breast carcinoma were also analyzed as a 
positive control for FASN expression. Negative FASN expression was 
deemed when none of the cells showed cytoplasmic staining. In contrast, 
any expression of FASN at the cytoplasmic level was classified as 
positive. 

2.11. Data analysis 

The statistical analysis was conducted using the IBM SPSS software 
(Version 25.0; SPSS Inc., Chicago, IL, USA) and R software (Version 
4.0.4; The R Foundation, Vienna, Austria). The in vitro assays were 
replicated at least three times and the results expressed as mean 
± standard error of the mean (SE). For two-group comparisons, non- 
parametric data were analyzed with the Mann–Whitney U test and 

Table 1 
Mechanisms of resistance in gefitinib-resistant (GR) derivative PC9 cell models.  

Cell Model T790M mutation AXL overexpression MET activation EphA2 activation Bcl-2 expression FASN overexpression 

PC9-GR1 + – + + – +

PC9-GR3 – + – – + +

PC9-GR4 + + – + – +

Source: Modified from [28]. 
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parametric data with the Student’s t test. For the comparisons of more 
than two groups, non-parametric data were examined with the Krus-
kal–Wallis test and parametric data by one-way analysis of variance 
(ANOVA) using Bonferroni or Tamhane’s T2 post hoc test. Data from 
patients were summarized as counts and percentages for categorical 
variables, and the number of non-missing observations, the mean 
± standard deviation (SD), the median, or interquartile range [IQR] for 
continuous variables. Progression-free survival (PFS) probability was 
estimated according to the method of Kaplan–Meier and statistical dif-
ferences were calculated using the log-rank test. Fisher’s exact tests were 
employed to compare categorical variables. Levels of significance were 
determined at p < 0.050 and represented as follows: p < 0.050 (*), 
p < 0.010 (**), and p < 0.001 (***). 

3. Results 

3.1. Characterization of AZ12756122 compound 

The cytotoxic effect of AZ12756122 was investigated through dose- 
response curves in lung adenocarcinoma cell models sensitive and 
resistant to EGFR-TKIs (Fig. 1A). The PC9-GR1 and PC9-GR4 cell models 
(T790M+) exhibit resistance exclusively to gefitinib, while the PC9-GR3 
cell model (T790M-) is resistant to both gefitinib and osimertinib [28]. 
The half-maximal inhibitory concentration (IC50) value of the com-
pound was 64.3 ± 1.3 μM for PC9, 75.2 ± 6.4 μM for PC9-GR1, 45.7 
± 5.2 μM for PC9-GR3, and 76.8 ± 4.1 μM for PC9-GR4. Although no 
significant differences were found between the IC50 value of PC9 and the 
GR models (PC9–GR1 p = 1.000; PC9–GR3 p = 0.115; PC9–GR4 
p = 0.756), the IC50 concentration of PC9-GR3 was significantly lower 
compared to the T790M+ models (PC9-GR1 p = 9.960 ×10− 4; PC9-GR4 
p = 3.220 ×10− 4). 

The ability of AZ12756122 to inhibit FASN activity was analyzed in 
sensitive and resistant models (Fig. 1B). The compound equally inhibi-
ted the enzyme activity in all cell models (p = 0.566), ranging from 38% 
to 54%, regardless of their sensitivity or resistance to EGFR-TKIs. 

AZ12756122 treatment was also evaluated by Western blot to 
determine whether cell death was caused through the induction of 
apoptosis and/or autophagy in sensitive and GR models (Fig. 1C). The 
cleavage of poly (ADP-ribose) polymerase (PARP) and the conversion of 
the Light Chain 3 (LC3) into LC3-II were used as apoptosis and auto-
phagy markers, respectively. The cleaved form of PARP (89 kDa) was 
observed in PC9, PC9-GR1, and PC9-GR3 following treatment with the 
compound, thus showing the induction of apoptosis. However, the LC3- 
II form did not appear, therefore the AZ12756122 treatment did not 
trigger autophagy. 

3.2. Molecular effects caused by AZ12756122 and EGFR-TKIs 
treatments as single agents in EGFRm lung adenocarcinoma cell models 

FASN, EGFR, and STAT3 mRNA expression were analyzed after 
AZ12756122 or EGFR-TKIs treatment by means of RT-qPCR in cell 
models sensitive and resistant to EGFR-TKIs (Fig. 2). The mRNA 
expression of these genes was compared among cell lines and no sig-
nificant differences were found. However, the EGFR levels trended to 
increase in the two T790M+ cell models, whereas the STAT3 expression 
trended to decrease, especially in PC9-GR3 and PC9-GR4 cells (Sup-
plementary Fig. 1). 

While the AZ12756122 treatment reduced FASN mRNA levels in all 
models, it was statistically significant in PC9 (p = 5.5 ×10− 4), PC9-GR1 
(p = 0.009), and PC9-GR4 (p = 0.049) compared to the control. 
Furthermore, gefitinib and osimertinib treatments also diminished the 
FASN mRNA expression in the T790M- models (PC9 (p = 4.5 ×10− 4) 

Fig. 1. (a) Dose-response curves of 
AZ12756122 compound in sensitive and 
gefitinib-resistant (GR) models. Sensitive (PC9) 
and GR models (PC9-GR1, PC9-GR3, and PC9- 
GR4) were treated with increasing concentra-
tions of AZ12756122 (from 1 to 100 µmol/L) 
for 72 h. Results shown are expressed as per-
centage of surviving cells after drug treatment 
(mean ± SE) from at least three independent 
experiments. * p < 0.050, ** p < 0.010, and 
*** p < 0.001 indicate levels of statistical sig-
nificance. The symbol * indicates differences 
between PC9 and PC9-GR1, $ indicates differ-
ences between PC9 and PC9-GR3, # indicates 
differences between PC9-GR3 and PC9-GR4, 
and Δ indicates differences between PC9-GR1 
and PC9-GR3. (b) AZ12756122 compound in-
hibits FASN activity in sensitive and GR models. 
PC9 and GR models were treated with 
AZ12756122 at a concentration equivalent to 
their IC50 and with DMSO as the control for 
72 h. FASN activity was assayed by counting 
radiolabeled fatty acids synthesized de novo. 
Results shown are the percentage of remaining 
activity (mean ± SE) in treated versus un-
treated cells (control) from at least three inde-
pendent experiments. (c) Effect of AZ12756122 
on apoptosis and autophagy determined by 
PARP cleavage and LC3 conversion in sensitive 
and GR models. PC9 and GR models were 
treated with the AZ12756122 compound at a 
concentration equal to their IC50 for 72 h. Un-
treated cells were used as an internal control 
(CTRL), and GAPDH as a loading control. Re-
sults shown are representative from at least 

three independent experiments.   
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and PC9-GR3 (p = 0.046), respectively), compared to control. An in-
crease in EGFR mRNA levels was observed in the AZ12756122 treat-
ment, which was statistically significant in PC9 (p = 0.021), PC9-GR1 
(p = 6.0 ×10− 6), and PC9-GR4 (p = 0.014) compared to control and 
also in comparison with the gefitinib treatment in the GR models (PC9- 
GR1 p = 1.0 ×10− 5; PC9-GR3 p = 0.036; PC9-GR4 p = 0.004) and with 
the osimertinib treatment in the T790M+ cell models (PC9-GR1 
p = 6.0 ×10− 6; PC9-GR4 p = 0.003). The AZ12756122 treatment also 
upregulated the STAT3 mRNA expression in all models, and was sta-
tistically significant in PC9 (p = 0.006), PC9-GR1 (p = 0.003), and PC9- 
GR4 (p = 0.009) compared to control and also in comparison with the 
gefitinib treatment in the T790M+ cell models (PC9-GR1 p = 0.003; 
PC9-GR4 p = 0.009) and with the osimertinib treatment (PC9 
p = 0.049; PC9-GR1 p = 3.5 ×10− 4; PC9-GR4 p = 0.002). Additionally, 
an increase of STAT3 was also shown in the gefitinib treatment in the 
sensitive model. 

Alterations in protein expression caused by AZ12756122, gefitinib 
and osimertinib were also evaluated in both sensitive and GR models 
(Fig. 3). 

The FASN protein expression was decreased by the AZ12756122 
treatment in all cell models. Moreover, the treatment using the com-
pound or EGFR-TKIs reduced phosphorylated levels of EGFR in both the 
sensitive and GR models. The osimertinib treatment activated STAT3 
levels, whereas AZ12756122 did not cause variations in the GR cell 
models. The gefitinib treatment also increased the phosphorylated levels 
of STAT3 in all models. No alterations were showed in the STAT3 total 
protein expression. Moreover, no changes were found in MAPK signaling 
pathway activation or expression. Focusing on the Akt/PRAS40 
signaling pathway, the treatment using the compound reduced the 
activation of Akt in the GR models and PRAS40 in all cell models. 

Furthermore, the AZ12756122 treatment slightly decreased PRAS40 
total protein expression. Although the gefitinib treatment reduced Akt 
and PRAS40 total protein levels in PC9, their phosphorylated levels were 
higher than untreated cells. The osimertinib treatment diminished the 
activation of Akt in all cell models and PRAS40 in PC9 and PC9-GR1. 

3.3. Pharmacological interaction between AZ12756122 and EGFR-TKIs 

The combinatorial treatment using AZ12756122 and EGFR-TKIs was 
studied to find synergistic interactions and overcome the acquired 
resistance to gefitinib in the T790M+ models, PC9-GR1 and PC9-GR4, 
and to gefitinib and osimertinib in the T790M- model, and PC9-GR3 
(Fig. 4). Furthermore, IC50 values of all combinatorial treatments were 
calculated (Supplementary Table 2). 

None of the combinations tested showed synergism in PC9-GR1. The 
different combinatorial treatments resulted in an antagonism or additive 
effect. The AZ12756122 IC50 value significantly decreased in combi-
nation with 2.5 μM gefitinib (p = 0.037) and 5 μM gefitinib 
(p = 1.0 ×10− 5) in comparison with the AZ12756122 monotreatment 
and other combinations (AZ12756122 + 1 μM gefitinib p = 2.2 ×10− 4; 
AZ12756122 + 2.5 μM gefitinib p = 0.019). 

In the PC9-GR4 cell model, some combinations exhibited synergistic 
effects. It should be highlighted that the highest concentration of gefi-
tinib (5 μM) was required with lower concentrations of AZ12756122 to 
obtain a synergistic effect, and vice versa. The combination of 
AZ12756122 + 5 μM gefitinib was the only one that showed a signifi-
cantly lower IC50 value compared to monotherapy (p = 5.7 ×10− 9) and 
to the other combinations (AZ12756122 + 1 μM gefitinib 
p = 4.8 ×10− 7; AZ12756122 + 2.5 μM gefitinib p = 3.0 ×10− 6). 

Regarding the T790M- GR model, the combination using gefitinib 

Fig. 2. FASN, EGFR, and STAT3 mRNA expression after AZ12756122 and EGFR-TKIs (gefitinib and osimertinib) treatments in sensitive and gefitinib-resistant (GR) 
models. Sensitive (PC9) and GR models (PC9-GR1, PC9-GR3, and PC9-GR4) were treated with AZ12756122, gefitinib or osimertinib at a concentration equivalent to 
their IC50 for 72 h. mRNA levels were obtained by RT-qPCR and normalized against the GAPDH gene. All conditions were compared to the control (untreated cells), 
which was normalized to 1 (indicated by the dotted line) and expressed as a fold change. Experiments were performed at least three times. * p < 0.050, ** p < 0.010, 
and *** p < 0.001 indicate levels of statistically significance. 
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demonstrated mostly additive and synergistic effects. Nevertheless, 
combinations with synergistic effects were obtained at higher concen-
trations. No significant differences were found between the IC50 value of 
AZ12756122 monotherapy and combinatorial treatments or among 
combination curves. The combination of AZ12756122 and osimertinib 
exhibited only additive or synergistic effects. Unlike the combinatorial 
treatments using gefitinib, the combination with the lowest concentra-
tions showing synergistic effects (25 μM AZ12756122 + 1 µM osi-
mertinib) also demonstrated a cell viability above 50%. Additionally, 
the IC50 value diminished with increasing osimertinib concentrations, 
and was significantly lower in the combination of AZ12756122 + 1 μM 
osimertinib in comparison with monotreatment (p = 0.003), 

and the combination AZ12756122 + 2 μM osimertinib, in contrast to 
monotherapy (p = 3.9 ×10− 5) and other combinations (AZ12756122 +

0.5 μM osimertinib p = 0.002; AZ12756122 + 1 μM osimertinib 
p = 0.016). 

Therefore, the effects of the combinatorial treatment of 25 μM 
AZ12756122 and 1 μM osimertinib on mRNA and protein expression 
were studied in the PC9-GR3 cell model (Fig. 5). 

In terms of mRNA expression, no changes were observed in the FASN 
expression for monotherapies or combinatorial treatment. The EGFR 
expression was significantly enhanced by AZ12756122 monotreatment 
compared to untreated cells (p = 0.022). Moreover, AZ12756122 
monotherapy and its combination with osimertinib demonstrated 
increased EGFR expression in comparison with osimertinib mono-
therapy (AZ12756122 p = 0.004; AZ12756122 + osimertinib p =
0.041). Although the STAT3 expression did not show significant varia-
tions as a result of the monotreatments, the combinatorial therapy 
upregulated its expression compared to untreated cells and osimertinib 
monotreatment (control p = 0.012; osimertinib p = 0.014). 

The FASN protein expression was only slightly decreased in the 
AZ12756122 monotreatment. All treatments caused a reduction in 
EGFR activation, and furthermore AZ12756122 monotreatment slightly 
diminished total EGFR expression. Although no changes in total STAT3 

levels were observed, both osimertinib monotherapy and combinatorial 
treatment showed high levels of phosphorylated STAT3 compared to 
untreated cells. Both AZ12756122 monotherapy and combinatorial 
treatment decreased MAPK activation and total expression, whereas 
osimertinib monotherapy increased its phosphorylated levels. 
Regarding Akt/mTOR signaling pathways, although AZ12756122 
monotreatment reduced total Akt expression, osimertinib monotherapy 
and combinational treatment decreased its activation. The activation of 
PRAS40 was diminished in both monotreatments and combinatorial 
therapy, but total PRAS40 protein levels were only reduced in 
AZ12756122 monotreatment and combinatorial therapy. 

3.4. AZ12756122 activity against cancer stem-like population 

AZ12756122 activity against cancer stem-like cells was evaluated 
using sphere and colony formation assays in sensitive and gefitinib- and 
osimertinib-resistant cell models (Fig. 6). 

AZ12756122 treatment, using its IC10 concentration, resulted in a 
significant reduction of spheres (p = 0.023) and colonies 
(p = 9.7 ×10–5) in PC9 cells and of spheres in PC9-GR3 cells 
(p = 0.009). No changes in colony formation were found in PC9-GR3 
cells. Furthermore, the IC30 concentration treatment exhibited a signif-
icant decrease in spheres (PC9-GR3, p = 0.008) and colonies (PC9, 
p = 2.0 ×10–6; PC9-GR3, p = 2.5 ×10–5) in contrast to untreated cells 
and the treatment using IC10 concentration (colonies PC9, 
p = 1.3 ×10–4; spheres PC9-GR3, p = 0.009; colonies PC9-GR3, 
p = 9.0 ×10–5). Total inhibition of sphere formation was observed in 
PC9 cells. 

3.5. FASN expression in EGFRm NSCLC patients 

Data were collected from forty-five NSCLC patients harboring exon 
19 deletion or exon 21 L858R sensitizing mutations (Table 2). Data for 
FASN expression levels were also collected (Supplementary Table 3). 

Fig. 3. Analysis of protein expression after treatment using 
AZ12756122 and EGFR-TKIs (gefitinib and osimertinib) in 
sensitive and gefitinib-resistant (GR) models. Sensitive 
(PC9) and GR models (PC9-GR1, PC9-GR3, and PC9-GR4) 
were treated with AZ12756122, gefitinib or osimertinib 
at a concentration equal to their IC50 for 72 h. Untreated 
cells were used as an internal control (CTRL) and GAPDH 
as a loading control. Results shown are representative of at 
least three independent experiments.   
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Fig. 4. Combinatorial treatment between AZ12756122 and EGFR-TKIs (gefitinib and osimertinib) in gefitinib-resistant (GR) models. (a) Dose-response curves of 
AZ12756122 (from 1 to 100 µM) alone and in combination with gefitinib (1, 2.5 and 5 μM) in PC9-GR1, PC9-GR3, and PC9-GR4 models and osimertinib (0.5, 1 and 
2 μM) in PC9-GR3 for 72 h. Results shown are expressed as percentage of surviving cells after drug treatment (mean ± SE) from at least three independent ex-
periments. (b) Combination Index (CI) from treatments with AZ12756122 (from 1 to 100 µM) and gefitinib (1, 2.5 and 5 μM) in PC9-GR1, PC9-GR3, and PC9-GR4 
models or osimertinib (0.5, 1 and 2 μM) in PC9-GR3 for 72 h. Results shown are mean ± SE from at least three independent experiments and are based on the Chou 
and Talalay method. The dotted line indicates additive (CI approximately equal to 1). CI > 1 designates antagonistic effect and CI < 1 synergistic effect * p < 0.050, 
** p < 0.01, *** p < 0.001 indicate levels of statistical significance. 
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FASN tumor expression was analyzed in thirty-six biopsies with 
sufficient tumor sample for immunohistochemical (IHC) evaluation 
(Fig. 7). A positive expression of FASN was observed in seventeen 
(47.2%) of the tumor samples. Median progression-free survival (mPFS) 
was significantly longer in patients whose tumors expressed some levels 
of FASN at baseline (p = 0.039) (Fig. 7A). PFS refers to the time from the 
onset of treatment to the occurrence of disease progression or death. The 
expression of FASN also trend to a better response rate to the EGFR-TKI 
(p = 0.060) (Supplementary Fig. 2B). Furthermore, mPFS was analyzed 
according to the response to the EGFR-TKI treatment and FASN 
expression. Patients who responded to EGFR-TKI treatment and who 
expressed FASN showed significantly longer mPFS than those who did 
not express FASN (p = 0.015) (Fig. 7 B). However, no relationship 

between FASN tumor expression and overall survival (OS) was detected 
(p = 0.490) (Supplementary Fig. 2A). OS refers to the time elapsing from 
the beginning of treatment to death for any reason. 

4. Discussion 

Although different EGFR-TKIs have been approved for the treatment 
of EGFRm NSCLC patients [5,9], several mechanisms have been 
described by which cells acquire resistance, such as FASN over-
expression [23,24] or the increase of CSCs [18,19]. Previous studies 
have showed that FASN inhibition caused cytotoxic effects in EGFRm 
lung adenocarcinoma [23,24] and reduced cancer stem-like cells in 
NSCLC [26,27]. Therefore, this study evaluated the effect of a novel 
FASN inhibitor, AZ12756122, both alone and in combination with 
EGFR-TKIs, in cell models sensitive and resistant to EGFR-TKIs, and in 
their cancer stem-like cell populations. Furthermore, the FASN expres-
sion was analyzed in EGFRm NSCLC patients to validate the in vitro 
results. 

The AZ12756122 compound inhibited FASN activity in both sensi-
tive and resistant to EGFR-TKIs cell models (Fig. 1B). Other compounds 
inhibited FASN activity [24,31], such as Orlistat, an FDA-approved an-
ti-obesity drug, which reduced FASN activity in H1975 cells, but not in 
PC14 and H3255 cells [31]. Additionally, it was previously observed 
that FASN knockdown inhibited cell proliferation [32] inducing 
apoptosis through the increase of the autophagosomal marker LC3-II 
[33]. However, only apoptosis induction was observed in PC9, 
PC9-GR1, and PC9-GR3 (Fig. 1C). Despite that, AZ12756122 exhibited 
cytotoxic effects in all cell models tested (Fig. 1A), suggesting that 
AZ12756122 treatment only affected cell growth in PC9-GR4. 
AZ12756122 IC50 values oscillated from 45 to 77 μM, lower concen-
trations than those used with (− )-epigallocatechin-3–gallate (EGCG) or 
Orlistat [23,24]. PC9-GR3 cells were significantly more sensitive to the 
AZ12756122 treatment than the T790M+ cell models were. These re-
sults may be due to the activation of EphA2 exhibited by the 
T790M+ models [28]. Youngblood et al., demonstrated that EphA2 
overexpression led to increased lipogenesis and tumor growth in breast 
cancer cells [34]. Other FASN inhibitors also reduce the cell viability of 
cisplatin-resistant cells [27] and induced apoptosis in NSCLC cells [26]. 

GR EGFRm NSCLC cells exhibited overexpression of FASN [23,24]. 
Despite this, the AZ12756122 treatment decreased FASN mRNA and 
protein expression in all cell models (Figs. 2 and 3). This may influence 
the lipid content of cell membranes, since the main product of FASN is 
palmitate, from which different fatty acids can be formed. Moreover, the 
sterol regulatory element binding protein (SREBP)− 1 is a master 
regulator of FASN and its ablation induces the apoptosis of cancer cells 
[35,36]. Phosphorylated EGFR levels were also diminished in all cell 
models (Figs. 2 and 3). Previous findings revealed that FASN inhibition 
also reduced FASN and EGFR protein expression in GR EGFRm NSCLC 
[23] and EGFRwt NSCLC [37]. Nonetheless, our research group and 
other researchers proved that the inhibition of FASN activity did not 
affect EGFR activation or its expression [24], nor did it affect FASN 
protein levels [24,38]. All together this suggests that although EGFR is 
involved in FASN regulation [23,39], the inhibition of FASN activity 
may not directly affect EGFR. Regarding Akt/mTOR signaling pathway, 
AZ12756122 reduced phosphorylated levels of Akt and PRAS40 in all 
cell models (Fig. 3), irrespective of their resistance to EGFR-TKIs. These 
results are in line with previous research [26,32,39,40]. Hence, EGFR 
may be another AZ12756122-direct target. The compound inhibited the 
Akt/PRAS40 pathway resulting in lower levels of sterol response 
element-binding proteins 1c (SREBP-1c) [35] and/or downstream ef-
fectors such as S6K [41] and, consequently, in FASN downregulation. 

The sustained STAT3 activation found after the EGFR-TKI treatment 
is consistent with the literature [42]. STAT3 remained inactive after the 
AZ12756122 treatment in the GR models (Fig. 3). Similar results have 
been observed with other FASN inhibitors in EGFRm NSCLC [24], head 
and neck carcinomas [43], and pancreatic cancer [44]. Previously, 

Fig. 5. Effects on mRNA levels and protein expression caused by the combi-
nation treatment in the PC9-GR3 cell model. (a) FASN, EGFR, and STAT3 
mRNA expression levels after the combination treatment. PC9-GR3 models 
were treated with 25 μM AZ12756122, 1 μM osimertinib or both treatments for 
72 h. mRNA levels were obtained by RT-qPCR and normalized against the 
GAPDH gene. All conditions were compared to the control (untreated cells), 
which was normalized to 1 (indicated by the dotted line) and expressed as a 
fold change. Experiments were performed at least three times. * p < 0.050, ** 
p < 0.010, and *** p < 0.001 indicate levels of statistical significance. The 
symbol * indicates in comparison with control, $ indicates in comparison with 
AZ12756122 treatment, and # indicates in comparison with osimertinib 
treatment. (b) Protein expression after the combination treatment. PC9-GR3 
models were treated with 25 μM of AZ12756122, 1 μM of osimertinib or both 
treatments for 72 h. Untreated cells were used as an internal control (CTRL) and 
GAPDH as a loading control. Results shown are representative of at least three 
independent experiments. 
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inhibition of the MAPK pathway was exhibited after treatments using 
FASN inhibitors or EGFR-TKIs in lung cancer [28,32,39]; which dis-
agrees with our findings from the sensitive and T790M+ cell models. 
However, Geng et al. proved that the constant activation of MAPK 
pathway caused by a FASN inhibitor resulted in the induction of 

apoptosis by upregulating apoptosis-related proteins and down-
regulating pro-survival ones [45]. 

A combination of therapies is a widely-studied strategy to overcome 
EGFR-TKI resistance [32]. Palmitate overproduction has been linked to 
alterations in cellular response to anticancer drugs [46] and the survival 
of EGFR-TKI resistant EGFRm NSCLC cells [23]. Our findings show that 
the combinatorial treatment of AZ12756122 and gefitinib had mostly 
additive effects (Fig. 4). Only PC9-GR3 and PC9-GR4 cell models 
exhibited synergistic effects in some combinations. These results could 
be related to the inability of gefitinib to inhibit the Akt/mTOR signaling 
pathway in PC9-GR1 cells (Fig. 3), most likely due to the MET activation 
observed in this cell model [28]. Moreover, the Akt/mTOR signaling 
pathway has been proven to play an essential role in the survival of GR 
EGFRm NSCLC cells [23]. In PC9-GR3, the combination of AZ12756122 
and osimertinib demonstrated synergistic effects and inhibition EGFR, 
Akt, PRAS40, and MAPK activation compared to untreated cells (Figs. 4 
and 5). However, the combinatorial treatment did not prevent the 
STAT3 activation caused by osimertinib, which is consistent with the 
literature [24]. Previous studies have also found synergistic effects using 
the combinatorial treatment of EGFR-TKIs and Akt [28] and MAPK [47] 
inhibitors in EGFR-TKI-resistant NSCLC cells. Jacobsen et al., proved 
that Akt and MAPK activation persisted in resistant cells treated using 
EGFR-TKI and Akt inhibitors [28]. Akt/mTOR and MAPK signaling 
pathway activation is directly related to the activation and over-
expression of FASN [48]. All together this suggests that FASN inhibition 
may be a better strategy to reduce the activation of these signaling 
pathways which play a key role in EGFR-TKI resistance. 

The treatment using the AZ12756122 compound showed a reduction 
of CSC population PC9 and PC9-GR3 (Fig. 6). This subpopulation is 
related to resistance, relapse, and metastasis [18,19]. Similar findings 
were exhibited in breast cancer [49–51] and colorectal cancer [52,53]. 
In NSCLC, FASN inhibition has been demonstrated to cause a decrease of 
clonogenicity [26], migration and invasion capacities [32]. As shown in 
Fig. 3, AZ12756122 also caused the inhibition of Akt and PRAS40. 
Different studies have demonstrated that the Akt/mTOR signaling 
pathway is directly related to the CSC niche [50,54]. All together this 
suggests that FASN inhibition may reduce the CSC population by 
inhibiting the Akt/mTOR signaling pathway. 

The demographic characteristics of our population with NSCLC 

Fig. 6. AZ12756122 activity against cancer 
stem-like cells in sensitive and gefitinib- 
resistant (GR) models. (a) Sphere formation 
after AZ12756122 treatment. Cells were treated 
at concentrations equivalent to their IC10 and 
IC30 for 7 days. All conditions were compared to 
the control (untreated cells), which was 
normalized to 1 and expressed as a fold change. 
(b) Colony formation assay (c) Colony forma-
tion after AZ12756122 treatment. Cells were 
treated at concentrations equivalent to their 
IC10 and IC30 for 7 days. All conditions were 
compared to the control (untreated cells), 
which was normalized to 1 and expressed as a 
fold change. Experiments were performed at 
least three times. Statistical differences are 
indicated as * p < 0.05, ** p < 0.01 and 
*** p < 0.001.   

Table 2 
Patient and tumor characteristics at baseline.   

Number Percentage 

Gender   
Female 34 75.6 
Male 11 24.4 

Age (Years)   
Median (Q1;Q3) 68 58;74 
Min; Max 46;88  

Smoking Habit   
Never 33 73.3 
Former 8 17.8 
Current 4 8.9 

ECOG   
0 15 33.3 
1 26 57.8 
2 4 8.9 

Histology   
Adenocarcinoma 41 91.2 
Adenosquamous 2 4.4 
Squamous 2 4.4 

EGFR Mutation   
Exon 19 26 57.8 
Exon 21 19 42.2 

Response Rate to TKI   
Complete Response 1 2.2 
Partial Response 30 66.7 
Stable Disease 7 15.6 
Progression Disease 6 13.3 
Missing 1 2.2 

FASN Expression   
Negative 19 42.2 
Positive 17 37.8 

Missing 9 20.0 
EGFR-TKI Treatment Line   

First Line 37 82.2 
Second Line 8 17.8  
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harboring EGFR sensitive mutations are consistent with those published 
in large European studies [55]. To the best of our knowledge, this is the 
first study to report standard levels of FASN expression in EGFRm NSCLC 
patients. Previous studies observed that FASN expression was higher in 
tumor tissues than normal and adjacent tissues [33,38,56]. FASN 
expression was found in 47.2% of tumor samples. Other researchers 
have observed FASN expression in lung adenocarcinoma samples 
ranging from 22% to 81% [38,57,58]. However, mutations in the EGFR 
gene or in other oncogenes were not considered in these investigations. 
No relationship was found between FASN expression and overall sur-
vival in our population, which is in agreement with the literature [38,57, 
59]. Additionally, FASN expression was significantly associated with 
longer mPFS, longer mPFS in patients who responded to EGFR-TKI 
treatment, and trends to a better response to the EGFR-TKI (Fig. 7), 
suggesting that FASN expression at baseline may have a role in a better 
outcome in patients with NSCLC harboring EGFR sensitizing mutations. 
In fact, our study (Fig. 3) and other authors [23] have demonstrated that 
the gefitinib treatment diminished mRNA and protein expression of 
FASN only in PC9 cells, i.e., the sensitive cell model. Researchers have 
also reported that: [1] EGFRm regulates the expression of FASN to 
palmitoylate EGFR and localizes it into the cell membrane of PC9 cells 
[23,60], and [2] FASN inhibition results in EGFR ubiquitination [23]. 
Taken all together, our hypothesis is that the mPFS, the response to 
EGFR-TKI treatment, and the mPFS according to the response to the 
EGFR-TKI treatment, were better in tumor samples from biopsies of 
FASN+ EGFRm NSCLC patients because the EGFR-TKI therapy had a 
dual effect: downregulating the FASN expression and inhibiting EGFR 

activation. Nevertheless, our study had some methodological limitations 
that may have influenced the results. First, it was retrospective research, 
with the biases that involves. Second, the number of samples with suf-
ficient tissue to perform IHC was lower than expected. Third, some 
tumor samples were relatively old, which may have influenced the IHC 
results. Nonetheless, in this regard, the percentage of FASN expression 
detected in our samples is comparable to that observed in previous 
studies. 

5. Conclusions 

Inhibition of FASN activity is a promising strategy for treating 
EGFRm NSCLC. The novel FASN inhibitor AZ12756122 downregulated 
FASN expression and activity, caused cytotoxic effects, and induced 
apoptosis in sensitive and EGFR-TKI-resistant EGFRm NSCLC cells. The 
compound also reduced phosphorylated levels of EGFR and Akt/ 
PRAS40. Furthermore, the combinatorial treatment of AZ12756122 and 
osimertinib overcame resistance to EGFR-TKI, exhibiting a synergistic 
effect which resulted in a decrease of EGFR, Akt/PRAS40, and MAPK 
activation. AZ12756122 also showed activity against cancer stem-like 
cells in both sensitive and gefitinib- and osimertinib-resistant cell 
models. Finally, our study revealed that FASN+ EGFRm NSCLC patients 
who responded to EGFR-TKI treatment exhibited a significantly longer 
mPFS than those who did not express FASN. Therefore, these findings 
suggest that FASN inhibition should be studied further in the treatment, 
alone or in combination with EGFR-TKIs, of EGFRm NSCLC patients. 

Fig. 7. (a) Median progression-free survival according to the immunohistochemistry (IHC) expression levels of FASN. The non-expression of FASN was considered as 
negative and any expression of FASN as positive. (b) Median progression-free survival in EGFR-TKI responders (complete response + partial response) according to 
the IHC expression levels of FASN. The non-expression of FASN was considered as negative and any expression of FASN as positive. (c) IHC staining of FASN in 
paraffin-embedded core biopsies from NSCLC patients harboring sensitizing mutations in the EGFR gene. 
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E. Polonio-Alcalá et al.                                                                                                                                                                                                                        

http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref16
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref16
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref17
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref17
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref17
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref18
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref18
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref19
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref19
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref20
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref20
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref21
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref21
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref22
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref22
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref22
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref23
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref23
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref23
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref24
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref24
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref24
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref24
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref25
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref25
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref25
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref26
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref26
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref26
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref26
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref27
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref27
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref27
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref28
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref28
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref28
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref29
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref29
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref29
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref30
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref30
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref30
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref30
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref31
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref31
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref31
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref31
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref31
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref32
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref32
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref32
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref32
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref33
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref33
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref33
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref34
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref34
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref34
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref35
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref35
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref36
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref36
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref36
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref37
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref37
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref37
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref37
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref38
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref38
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref38
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref39
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref39
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref39
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref40
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref40
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref40
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref41
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref41
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref41
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref41
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref42
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref42
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref42
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref43
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref43
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref43
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref43
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref44
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref44
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref44
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref45
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref45
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref45
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref45
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref46
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref46
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref46
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref47
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref47
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref47
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref48
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref48
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref49
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref49
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref49
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref49
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref50
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref50
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref50
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref50
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref51
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref51
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref51
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref52
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref52
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref52
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref52
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref53
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref53
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref53
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref53
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref54
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref54
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref55
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref55
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref55
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref56
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref56
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref56
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref57
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref57
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref57
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref58
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref58
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref58
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref59
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref59
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref59
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref60
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref60
http://refhub.elsevier.com/S0753-3322(22)01331-2/sbref60

	AZ12756122, a novel fatty acid synthase inhibitor, decreases resistance features in EGFR-TKI resistant EGFR-mutated NSCLC c ...
	1 Introduction
	2 Material & methods
	2.1 Chemicals & reagents
	2.2 Cell models
	2.3 Cell viability assay
	2.4 Fatty acid synthase activity assay
	2.5 Quantitative real-time PCR analysis
	2.6 Western blotting analysis
	2.7 Sphere formation assay
	2.8 Colony formation assay
	2.9 Selection of patients
	2.10 Immunohistochemistry assay of tissue samples
	2.11 Data analysis

	3 Results
	3.1 Characterization of AZ12756122 compound
	3.2 Molecular effects caused by AZ12756122 and EGFR-TKIs treatments as single agents in EGFRm lung adenocarcinoma cell models
	3.3 Pharmacological interaction between AZ12756122 and EGFR-TKIs
	3.4 AZ12756122 activity against cancer stem-like population
	3.5 FASN expression in EGFRm NSCLC patients

	4 Discussion
	5 Conclusions
	Funding
	CRediT authorship contribution statement
	Conflict of interest statement
	Acknowledgments
	Institutional Review Board Statement
	Informed Consent Statement
	Data availability
	Appendix A Supporting information
	References


