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Abstract 
 

Squamous cell lung cancer (SQLC) is the second most prevalent histologic 

type of lung cancer and accounting for approximately 30% of newly diagnosed non-

small cell lung cancer (NSCLC) cases. Systemic treatments for SQLC patients 

include cytotoxic chemotherapy and immune-oncology approaches. In contrast 

with lung adenocarcinoma, which is the other main subtype of NSCLC, no patient-

tailored treatments are available so far for SQLC. Accumulating evidence suggests 

that the PI3K/mTOR axis is one of the most frequently altered pathways in SQLC. 

However, despite a plethora of clinical trials with numerous PI3K/mTOR targeted 

inhibitors, no significant increase in patients’ survival has been observed as 

compared to standard treatment options. A possible explanation for the outcome of 

those clinical trials might be the lack of reliable predictive biomarkers for better 

patients’ stratification.  

We and others have reported Rictor copy number gain (CNG) in a set of 

SQLC patients by performing targeted DNA sequencing on archival tissues. 

Another group has suggested the existence of Rictor focal amplification in subsets 

of lung cancers, including SQLC, and further suggested Rictor as a potential 

predictive biomarker of response to targeted therapy.  

However, no conclusive data were presented to show that Rictor 

amplification is driving activation of the PI3K/mTOR pathway in SQLC cells or 

representing a valid biomarker predictive of response to targeted inhibition of the 

pathway.  

Here, we used three different SQLC cell lines and 60 tissue specimens to 

show that CNG of Rictor is a recurrent event in SQLC, yet this is due to the 

polysomy of the short arm of chromosome 5 rather than to focal amplification. All 

three cell lines tested showed different Rictor CNG and different levels of its 

transcript and protein. In particular, the SQLC cell line harboring the higher CNG 

(H-1869) accordingly displayed higher level of Rictor protein. Therefore, we 

sought to test the possibility that the dosage of Rictor might affect the activation of 

PI3K/mTOR pathway and sensitivity towards its targeting agents. Unexpectedly, 

we found that Rictor levels did not parallel the biochemical activation of the 
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pathway nor the sensitivity to dual mTORC1/C2 or PI3K/mTOR inhibitions. These 

observations were confirmed by genetic perturbation analysis, as reduction of 

Rictor levels through RNA interference did not lead neither to reduced cell viability 

nor to significant changes in drug sensitivity in the two cell lines tested. Overall, 

our findings suggest that Rictor does not represent a predictive biomarker of 

response towards PI3K/mTOR directed therapy. 
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1.1 Lung cancer in 2020 

Lung cancer is one of the most frequent cancer types and the leading cause of 

cancer-related deaths for both genders (Fig. 1.1). Identified risk factors tightly 

associated with lung cancer development include tobacco consumption, second-

hand smoking, and long-term inhalation of toxic substances [1]. The global 

epidemiology of lung cancer is also associated with geographical and 

socioeconomical characteristics [2]. Initial classification of lung cancer is based on 

the histological type and distinguishes between small cell lung cancer (SCLC) and 

non-small cell lung cancer (NSCLC). NSCLC accounts for approximately 80% of 

new lung cancer diagnosis, with lung adenocarcinoma (LUAD) and squamous cell 

lung carcinoma (SQLC) representing 40% and 30% of the cases, respectively [3]. 

At the time of diagnosis, the majority of patients suffer from distant metastasis, 

which leads to poor survival rates. Although lung cancer mortality has been 

decreasing over the past decade, likely due to recent advances in lung cancer 

treatment such as the advent of targeted therapies and immunotherapy, the 

therapeutic armamentarium for SQLC patients is still lacking reliable patient-

tailored treatments [4]. Therefore, development of more personalized therapeutic 

approaches to treat SQLC is urgently required. 
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Figure 1.1. Cancer type incidences and mortality rates for both genders, United States of 

America 2020  

Lung cancer is one of the most common cancer types and the leading cause of cancer-related death 

accounting approximately for one-quarter of them overall. Data from Siegel et al. [4]. 

 

1.2 Squamous Cell Lung Cancer 

SQLC represents the 25-30% of newly diagnosed NSCLC cases and is highly 

associated with tobacco smoking. SQLC is usually a centrally located tumor mass 

close to the hilum of the lung. While the cellular origin of lung cancer is largely 

unknown, studies in available mouse SQLC models suggest that SQLC might 

originates from Keratin5+/Keratin14+/p63+ tracheal basal cell progenitors, which 

present stem cell characteristics [5]. Today it is widely accepted that the histologic 

progression towards the SQLC establishment involve a primary, generalized basal 

cell hyperplasia, followed by squamous metaplasia, dysplasia, carcinoma in situ, 

and, eventually, the development of invasive SQLC disease [6]. Histological 

differences between SQLC and LUAD assist pathologists to diagnose accurately 

patients’ lung cancer subtypes. P63 is a transcription factor and validated diagnostic 

indicator, ubiquitously expressed in SQLC. Other validated discriminators of 

SQLC from LUAD is p40 and cytokeratin 5/6 [7,8]. In 2015, World Health 

Organization (WHO) updated SQLC classification with important changes from the 
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previous classification. The new classification identifies three subtypes of SQLC, 

which are the keratinizing, nonkeratinizing and basaloid subtypes [3]. Besides 

histological subclassification, with the advent of high-throughput sequencing 

technologies, attempts to molecularly classify SQLC became more frequent. Perez-

Moreno et al. [9], classified molecular alterations according to their therapeutic 

targets in three main categories.   

• Membrane Receptor Alterations: Fibroblast growth factor 1 (FGFR1), Discoidin 

Domain Receptor 2 (DDR2), MET, ERBB2/Her2. 

• Signaling pathway alterations: Phosphoinositide 3-kinase catalytic a (PI3KCA), 

Akt1, Phosphatase and Tensin homolog (PTEN), BRAF, EML4-ALK, 

STK11/LKB1 

• Transcription Factor alterations: p53, Sex-determining region Y-Box 2(SOX2) [9] 

In the following table, the frequency of the most common genetic alterations 

reported in SQLC and LUAD is presented, rendering clear the large genetic 

inconsistency between these two subtypes of lung cancer (Table 1.1).  

 

Table 1.1. Frequency of the most common molecular alterations in SQLC and comparison with 

LUAD. Data from Perez-Moreno et al. [9]. 

A recent classification of SQLC was suggested by an integrative study involving 

DNA copy number, somatic mutations, RNA sequencing, and expression 

proteomics in a cohort of 108 SQLC patients, which identified three proteomic 

subtypes, with two of them (Inflamed and Redox) accounting for 87% of tumors. 

Tumors belonging to the Inflamed category were enriched with neutrophils, antigen 

presenting molecules, memory B cells, monocytes and increased PD-1 mRNA 
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expression than the other two subtypes. The other subtype, Redox, is enriched for 

oxidation-reduction and glutathione pathways. These findings are appealing and 

prompt new studies to test immunotherapy and metabolic drugs in those molecular 

subtypes [10]. 

 

1.3 Current Treatment Options for Squamous Cell Lung Cancer 

The identification of a subset of lung adenocarcinoma patients harboring EGFR 

mutations and their treatment with first (gefitinib, erlotinib, icotinib), second 

(afatinib), and recently third (osimertinib) generation of tyrosine kinase inhibitors 

[11], divided in a large scale the therapeutic landscape for these two types of lung 

cancer, providing a great advantage for LUAD patients. For SQLC, the treatment 

strategies involve only platinum doublet chemotherapeutic schemes and only 

recently, the introduction of immunotherapy expanded available treatment options. 

Pembrolizumab, an immune checkpoint inhibitor, initially approved as a second-

line therapy, is now administrated as first-line monotherapy or in combination with 

platinum-based chemotherapy for SQLC patients with 50% or greater PD-L1 

expression [12]. However, patients with less than 50% of PD-L1 expression, do not 

experience increased benefit from pembrolizumab over platinum doublet 

chemotherapy. Also, nivolumab, another PD-1 inhibitor, failed to prolong OS and 

PFS compared with standard of care platinum doublet chemotherapy for NSCLC 

patients according CheckMate 026 study [13].  

 

1.4 Targeted therapy for Squamous Cell Lung Cancer 

Despite the quite promising perspective of immunotherapy, a significantly high 

proportion of SQLC patients can be only treated with chemotherapy. In 2012, The 

Cancer Genome Atlas (TCGA) consortium reported the comprehensive molecular 

profiling of 178 resected early stage SQLC patient and identified several potentially 

druggable alterations [14]. SQLC patients are characterized by TP53 mutations, 

CDKN2A deletions/mutations, FGFR1 amplification, DDR2 mutations, and 

PI3KCA amplification and mutations [15,16]. With the regard to the PI3K/mTOR 

pathway, PI3KCA mutations and amplification can be found in 10% and 40% of 

SQLC cases, respectively. PTEN loss, detected by IHC, is reported in 24% of cases 
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while PTEN mutations in 7% of cases [17-19]. Interestingly, both in vitro and in 

vivo SQLC models harboring PI3KCA and PTEN alterations exhibited sensitivity 

to PI3K targeted inhibitors [20]. Interestingly, EGFR exon 19 deletions, EGFR 

exon 21 L858R mutations and KRAS mutations, all frequent alterations in LUAD, 

are rare or absent in SQLC [21]. Although numerous potentially druggable 

alterations have been identified in SQLC patients, to date none of them represent a 

validated biomarker for targeted therapy. However, clinical guidelines suggest that 

even SQLC patients having specific clinical characteristics (young age, light/never 

smokers) should be subjects of molecular testing for identification of targetable 

alterations [22,23]. Increasing evidences suggest that PI3K/mTOR pathway is one 

of the most frequently altered pathways in SQLC, and likely represents a driver 

alteration. However, while more than 40 targeted inhibitors have been developed 

and many of them have been tested in clinical trials, solid conclusions regarding the 

potential benefit on survival have not yet achieved. A possible explanation for this 

situation might be that yet, a reliable predictive biomarker has not been identified 

[24].   

 

1.5 mTORC1 and mTORC2 complexes 

The mTOR is a well-conserved 289 kDa serine/threonine kinase that exists at least 

in two structurally and functionally distinct multi-protein complexes in mammalian 

cells, mTOR complex 1 and 2 (mTORC1 and mTORC2). The mTOR kinase is 

strongly interconnected with the PI3K/Akt axis, as well as with many other crucial 

pathways, eventually establishing an intricate signaling network. Both complexes 

share the same central catalytic subcomponent mTOR, the scaffolding protein 

mammalian lethal with SEC thirteen 8 (mLST8) and the negative regulatory subunit 

DEP domain-containing mTOR-interacting protein (Deptor) [25,26]. mTORC1 and  

mTORC2 are defined by the presence of the accessory subunits regulatory- 

associated protein of mTOR (Raptor) and rapamycin-insensitive companion of 

mTOR (Rictor), respectively. Furthermore, several components and interacting 

proteins participate in the assembly, control and activity of the two complexes 

(Table 1.2) [27-30].  
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Table 1.2. mTOR complex components and their interacting proteins. Data from Gkountakos et 

al. [31]. 

Complex 

components 

Molecule mTORC1 mTORC2 Role and Function 

mTOR + + 

Ser/Thr protein kinase 

▪ Activation of the downstream 

effectors 

mLST8 + + 

mTOR-interacting protein  

▪ Protein-protein interaction 

▪ Promotion of mTOR activity 

Deptor + + 
mTOR-interacting protein  

▪ Negative regulator 

Tti1/Tel2 + + 

mTOR-interacting protein  

▪ Formation and stability of the 

complexes 

GRp58 + + 

mTOR-interacting protein  

▪ Assembly and activity of 

mTORC1 

▪ Undefined role for mTORC2 

Raptor + - 

Scaffold protein 

▪ Recognition and recruitment 

of the downstream effectors 

PRAS40 + - 
Raptor-interacting protein  

▪ Negative regulator 

Rictor - + 

Scaffold protein 

▪ Assembly, stability and 

activity of mTORC2 

▪ Recognition and recruitment 

of the downstream effectors 

Protor - + 
Rictor-interacting protein  

▪ Undefined role 

mSin1 - + 

mTOR and Rictor-interacting protein  

▪ Assembly and activity of 

mTORC2 

▪ Subcellular localization of the 

complex 

Hsp70 - + 

Rictor-interacting protein 

▪ Assembly and activity of 

mTORC2 

Interacting 

proteins 

Rac1 + + 

mTOR-interacting protein  

▪ Localization of the complexes 

close to the substrates 

XPLN - + 
mTOR and Rictor-interacting protein  

▪ mTORC2 inhibitor 

NBS1 - + 

mTORC2-interacting protein 

▪ Participation in the Akt 

activity 

IKKα + + 

Raptor and Rictor-interacting protein 

▪ Promotion of mTORC1/2 

activity 

IKKβ + + 

Rictor-interacting protein 

▪ Promotion of mTORC1/2 

activity 
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mTORC1 senses and responds to a wide array of stimuli, including growth factors, 

nutrients and environmental stresses. Growth factors and high nutrient availability 

generally stimulate mTORC1 to promote cell proliferation through favoring 

anabolic processes and downregulating autophagy. Growth factors are the only 

well-defined stimulus for mTORC2, which promotes cell survival, proliferation and 

migration along with actin cytoskeleton reorganization through phosphorylation 

and activation of downstream kinases including Akt, protein kinase C (PKC) and 

serum/glucocorticoid-induced kinase 1 (SGK1). While mTORC1 signaling is 

acutely sensitive to rapamycin, mTORC2 is considered insensitive and only 

prolonged treatment impairs its function in certain cell lines [32]. Τhe mTORC2 

complex is an essential downstream effector of the PI3K signaling pathway and 

carries out the critical step of Akt activation by phosphorylating the residue S473 

on its C-terminal hydrophobic motif. Upon activation, Akt plays a strong oncogenic 

role by either inducing or inhibiting downstream transcription factors [33]. An 

overview of the mTORC1/2-Rictor signaling network is presented in Figure 1.2. 

 

Figure 1.2. Signaling through mTORC1 and mTORC2 in cancer. The mTOR Ser/Thr kinase is 

the principal catalytic subunit of two distinct multicomponent complexes named as mTORC1 and 

mTORC2. mTORC1 contains also Raptor, Deptor, PRAS40, mLST8 as well as Tti1/Tel2, GRp58 

and Rac-1. Activation of mTORC1 is triggered by different environmental stimuli including growth 

factors, nutrient availability and stress status. Signaling through mTORC1 regulates the cell growth 

and promotes the biogenesis of macromolecules while inhibiting the autophagy process. On the other 

hand, mTORC2 consists of Rictor, Protor, mSIN1, mLST8, Tti1/Tel2 and GRp58, Rac-1, XPLN, 

NBS1, IKKa/IKKB. In response to growth factors, mTORC2 phosphorylates its downstream 

substrates Akt, SGK and PKC which are in charge of the cell survival and the actin cytoskeleton 

remodeling. Rictor associates with other factors establishing complexes with an oncogenic action 
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independently of mTOR presence. The following compounds are commercially available molecular 

targeted agents with a potential anti-cancer activity: PF-05212384 (PI3K/mTOR inhibitor), 

AZD2014 (dual mTORC1/2 inhibitor), Trametinib (MEK inhibitor), Everolimus (mTORC1), MK-

2206 (pan-Akt inhibitor), QLT0267 (ILK inhibitor), PKCζ pseudosubstrate inhibitor peptide (PKCζ 

inhibitor). Data from Gkountakos et al. [31]. 

 

1.6 Rictor and Akt S473 phosphorylation: the key oncogenic event 

Rictor protein consists of 1.709 amino acids and was initially identified in 2004 as 

a novel component of the mTORC2 complex [34]. Rictor harbors approximately 37 

phosphorylation sites, mainly serine or threonine residues lying in the C-terminal 

region [35]. Of these phosphorylation sites, Thr1135 was demonstrated to be a 

growth factor-stimulated and rapamycin-sensitive site as it is targeted directly by 

ribosomal protein S6 kinase 1 (S6K1), an mTORC1 downstream effector [35]. 

Although there is concordance among studies that this site is not mandatory for 

mTORC2 complex assembly, it still remains controversial whether the Thr1135 

phosphorylation exerts a regulatory role or is dispensable for modulation of 

mTORC2 kinase activity [35,36]. Nevertheless, it is widely supported that S6K1-

mediated phosphorylation of Rictor-Thr1135 could define a model of a regulatory 

link between the two mTOR branches. Since the first relevant studies, Rictor was 

demonstrated to have a crucial role in the phosphorylation events of Akt kinase. 

Two amino acid residues, T308 and S473, have a critical role in Akt activation, 

triggering downstream oncogenic mechanisms [33]. Silencing of Rictor in different 

human cancer cell lines diminished the phosphorylation of the Akt at S473, which 

is reported to increase kinase activity 4-5 times more than the phosphorylation at 

T308 alone [37]. In addition, data generated from in vitro experiments in adipocytes 

concluded that mTORC2-Rictor containing complex mediates the phosphorylation 

of Akt on S473 [38]. Although mTOR protein assembles into two complexes with 

distinct components and downstream effectors, they appeared to be reciprocally 

influenced by feedback loop mechanisms [39]. Treatment of tumor cell lines and 

rat models with mTORC1 inhibitors induced Akt S473 phosphorylation in a Rictor-

dependent manner, likely related to S6K1 inactivation. Genetic silencing of Rictor 

or use of the dual PI3K/mTOR inhibitor NVP-BEZ235 attenuated this effect 

[40,41]. 
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1.7 Impact of Rictor in cancer  

As mTOR, Rictor is essential for the development of mouse embryo. However, 

Rictor null mice die later during development (midgestation) compared to mTOR 

null mice (around time of implantation) [42]. In addition rictor-deficient mouse 

embryonic fibroblasts completely lacked phosphorylation of Akt on S473 

indicating that mTORC2 is the primary kinase for this Akt residue [42]. Moreover, 

Rictor is involved in the proper function and morphology of the neurons in murine 

brain [43,44]. Rictor has been implicated in several diseases including polycystic 

kidney and benign tumors [45,46]. However, the major amount of evidences 

originated from malignancies [31].  

 

1.8 Rictor in Lung Cancer 

The first evidence for the implication of Rictor in lung cancer was the identification 

of Rictor gene amplification as the only genomic aberration in the lung 

adenocarcinoma of a never smoker 18 years old male [47]. Treatment of the patient 

with dual mTORC1/2 inhibitors (CC-223 and MLN0128) provided disease 

stabilization for more than 18 months [47]. This clinical benefit prompted in vitro 

and in vivo experiments that demonstrated the sensitivity of Rictor-amplified 

NSCLC cell lines (one SQLC, H1703 and two LUAD, H-23, H-1734) to both dual 

mTORC1/2 inhibitors and after Rictor genetic silencing, reporting a 5-fold increase 

in IC50 value of H-1703, suggesting the potential role of Rictor as a druggable 

target [47]. In this work, amplification of Rictor were identified through FISH 

analysis using a locus-specific probe (Rictor, located on the p arm of chromosome 

5) and a control probe spanning the q arm of chromosome 5. Therefore, no 

definitive proof of a localized amplification of Rictor has been provided so far [47].  

The evaluation of the TCGA database derived from next-generation sequencing 

(NGS) platforms showed that Rictor amplification is present in approximately 10% 

of lung adenocarcinoma and 16% of lung squamous cell carcinomas [14]. In a 

recent study of lung neuroendocrine tumors comprising different histological 

subtypes, Rictor copy number gains were found in 23.6% of cases [48]. Other 

cohorts reported a prevalence of Rictor alterations in SCLC ranging from 6% to 

14%. In these reports, Rictor amplification was almost invariably the only 
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potentially actionable alteration and negatively affected patients’ overall survival 

(OS) [49-51].  

Targeted DNA sequencing identified Rictor amplification in around 14% of SCLC 

patients. Interestingly, genes located near the Rictor locus on chromosome 5p13, 

such as FGF10 and IL7R, were also identified as frequently amplified at 

sequencing. Rictor-amplified SCLC cells showed enhanced migratory activity and 

the use of mTOR inhibitors restrained this phenotype and strongly inhibited their 

growth [51].  

In a large series of NSCLC patients treated with platinum-based chemotherapy, the 

Rictor genetic variant rs6878291 (A>G), was associated with lower rate of clinical 

benefit and shorter progression-free survival (PFS) [52]. An assessment of Rictor 

protein expression, but not its genetic status, was performed in primary and brain 

metastatic lung adenocarcinoma. An increased Rictor and Rictor/mTOR expression 

was reported in brain metastases compared to the primary lung adenocarcinoma. 

Moreover, a trend towards significance has been reported between Rictor 

expression and higher stage of primary adenocarcinoma. Interestingly, Rictor 

expression was stronger in adenocarcinoma with a brain metastasis (67%) than in 

those without (28%) [53]. A recent comprehensive analysis of DNA, RNA and 

proteins identified PI3K/mTOR/Rictor signaling pathway as a potentially 

druggable prognostic modulator in resected SQLC [54]. Collectively, all the 

alterations of Rictor in lung cancer are presented in Table 1.3. 
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Table 1. 3. Rictor expression in lung cancer and correlation with clinicopathological 

characteristics. Data from Gkountakos et al. [31]. 

Although PI3K/mTOR pathway is aberrantly uncontrolled in a large spectrum of 

cancer types, the study of mTORC2 signaling axis and its potential significance in 

the oncogenic event has been lagged behind. Recent studies nominated activation 

of the PI3K/mTOR-Rictor signaling pathway, driven by presumed Rictor 

amplification, as a potential therapeutic target in subset of SQLC patients.  

 

1.9 Hypothesis and Aim 

Building on the aforementioned data, albeit limited for SQLC, our hypothesis 

suggests that SQLC patients harboring Rictor copy gain might show sensitivity to 

PI3K/mTOR targeted inhibition. This would imply that increased Rictor dosage 

leads to higher activity of mTOR signaling pathway which is therefore a 

dependency in subsets of SQLC. Our aim is rigorously assessing whether Rictor 

amplification and therefore increased PI3K/mTOR signaling is a true dependency 

in subsets of SQLC. If that is the case, Rictor might represents a valid predictive 

biomarker for PI3K/mTOR targeted inhibition. To this aim, we used 3 different 
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SQLC cell lines and genetic and pharmacological perturbation analyses to verify 

the role of Rictor in SQLC. 
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2 Materials and Methods 
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2.1 Cell Lines 

The human SQLC cell lines H-1869, H1703 and SK-Mes-1 were purchased from 

the American Type Tissue Collection (ATCC, Manassas, VA, USA). H-1703 cells 

were grown in RPMI 1640 medium (Aurogene s.r.l., Rome, Italy), H-1869 and SK-

Mes-1 cells in Dulbecco's modified Eagle's Medium (DMEM)/F12 and DMEM 

(Gibco, Grand Island, NY), respectively, supplemented with 10% heat-inactivated 

fetal bovine serum (Aurogene) and 1% penicillin/streptomycin mixture and 

routinely tested to confirm mycoplasma-free status (MycoAlert-Mycoplasma 

Detection Kit, Lonza, Rockland, ME, USA). All cell lines were maintained at 37°C 

in a humidified atmosphere with 5% CO2. 

           

 

Figure 2.1. Squamous Cell Lung Cancer cell lines.  

Photomicrographs of SQLC cell lines which are used in the in vitro experiments. A) H-1869, B) 

H-1703, C) SK-Mes-1. Scale bar, 100 μm. 

 

2.2 Next Generation Sequencing (NGS) Analysis 

DNA from SQLC cell lines was obtained by QIAmp AllPrep mini Kit (Qiagen) 

according to manufacturer protocol and qualified as reported elsewhere [55,56]. A 

SQLC custom panel targeting selected regions of 36 candidate oncogenes and 

tumor suppressor genes was designed based on the results of published WGS and 

exome data [57-59]. The genes included in the panel are: AKT1, APC, BCL2L1, 

CCND1, CCND2, CDKN2A, CDKN2B, DDR2, EGFR, ERBB2, FGFR1, FGFR2, 

FGFR3, FRS2, KIT, MDM2, MET, MYC, MYCL, MYCN, NFE2L2, NOTCH1, 

PDGFRA, PIK3CA, PTEN, RB1, RICTOR, SMAD4, SOX2, TERT, TET2, TIAF1, 

A) B) C) 
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TP53, TP63, TSC2 and TUBG1. Twenty nanograms of DNA were used for 

multiplex PCR amplification. The quality of the obtained libraries was evaluated 

by the Agilent 2100 Bioanalyzer on-chip electrophoresis (Agilent Technologies). 

Emulsion PCR to construct the libraries of clonal sequences was performed with 

the Ion OneTouch™ OT2 System (Life Technologies). Sequencing was run on the 

Ion Proton (PI, Life Technologies) loaded with Ion PI Chip v2. Data analysis, 

including alignment to the hg19 human reference genome and variant calling, was 

done using the Torrent Suite Software v.5.0 (Life Technologies). Filtered variants 

were annotated using a custom pipeline based on vcflib 

(https://github.com/ekg/vcflib), SnpSift [60], the Variant Effect Predictor (VEP) 

software [61] and NCBI RefSeq database. Additionally, alignments were visually 

verified with the Integrative Genomics Viewer (IGV) v2.3 [62] to further confirm 

the presence of mutations identified by exome and targeted sequencing. CNV 

calling, was done using Ion Reporter v.5.0 and the paired samples workflow to 

match tumor and normal samples (Thermo Fisher). 

 

2.3 FISH experiments 

Fluorescence in Situ Hybridization (FISH) was performed on FFPE samples and 

cell lines (both metaphases and interphases/nuclei) to measure Rictor copy-number 

variations using commercially available FISH spectrum red probe designed to 

hybridize on chr:5p13.1, (Empire Genomics, USA) and Centromere 5-control 

spectrum green probe at chr:5p11, (Empire Genomics, USA). The telomeric probes 

5p (spectrum green) and 5q (spectrum red) were purchased from Vysis/Abbott 
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Molecular. Briefly, 3 µm thick 

sections from tissue microarray 

were mounted on positively charged 

slides and air dried. FFPE sections 

were deparaffinized with two 10-

min washes in xylene, hydrated in 

100%, 85%, and 70% ethanol 

solutions with this order for 10 min 

each, rinsed in distilled water for 10 

min, fixed in methanol:acetic acid 

3:1 v/v for 10 min and air dried. 

Next, the sections were treated in a 

2XSSC solution for 15 min at 37oC, 

and then dehydrated in consecutive 

70%, 85%, and 100% ethanol 

solutions for 1 min each, then dried. 

The sections were then bathed in 0.1 

mM citrate buffer (pH 6) solution at 85oC for 30 min and again dehydrated in a 

series of ethanol solutions and dried. The slides were incubated in 0.75 ml of pepsin 

(Sigma) solution (4 mg/ml in 0.9% NaCl, pH 1.5) for 10 min at 37°C, washed again, 

dehydrated again in graded ethanol solutions (70%, 85%, and 100%) for 2 min each 

and dried.  A total of 10 μl Rictor probe was placed on the designated hybridization 

area and sealed with rubber cement. A ThermoBrite denaturation-hybridization 

system (Abbott Molecular) set at 80°C was used for co-denaturation of probe and 

target DNA for 10 min, before hybridization at 37°C overnight. The rubber cement 

and coverslip were removed, and the slides were placed in 0.3% NP-40/2X saline-

sodium citrate (SCC) solution at first for 15 min, at room temperature (RT) and then 

at 72°C for 2 min. The sections were then rinsed in H2O for 1 min, air dried, and 

counterstained with 10 μl of nuclear stain 4’,6-diamidino-2-phenylindole (DAPI) II 

/Antifade (ProLong Gold Antifade Reagent with DAPI; Life Technologies). Cell 

cultures were treated with colcemid (Gibco KaryoMax Colcemid solution in PBS, 

LifeTechnologies) at a final concentration of 10ng/mL for 16 hours (overnight) at 

Figure 2. 2. FISH probes targeting the chromosome 

5. Left) Rictor probe (red) and Cep5 probe (green) on 

chromosome 5. Right) Telomeric 5p (green) and 

telomeric 5q (red) probes. 
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37°C and metaphases harvest was carried out according to standard protocols. 

Briefly, PBS washed cells were treated with hypotonic solution (0.075 M KCl for 

15 min at RT) and fixed in methanol/acetic acid 3:1 v/v. Air dried metaphase 

spreads and nuclei spreads slides were analyzed by FISH for Rictor copy number 

following standard procedures. The slides were examined using an Olympus BIX-

61 microscope (Olympus, Hamburg, Germany) with appropriate fluorescence 

excitation/emission filters. The signals were recorded by a CCD camera (Olympus 

Digital Camera). For microscopic evaluation, at least 100 intact and non-

overlapping cell nuclei and 25 metaphases were scored for Rictor and Centromere 

5 copy-number variations. A Rictor/chromosome 5 ratio of 2.0 or higher represents 

gene amplification, while the presence of more than 4 Rictor gene copies without 

gene amplification is defined as Rictor polysomy. 

 

2.4 RNA extraction and real-time PCR 

SQLC cells at approximately 70% of confluency were washed with PBS and 

collected in 1ml of TRIZOL reagent using a cell scraper and then the solution stored 

at -80oC. RNA was extracted after following phenol-chloroform protocol and 

quantified by using the NanoDrop 2000 Spectrophotometer. 1μg of extracted RNA 

was reverse-transcribed into cDNA by using high capacity cDNA reverse 

transcription kit (Life technologies). The Rictor TaqMan gene expression assay 

(Assay ID: Hs00380903_m1) was used following the manufacturer’s instructions. 

mRNA expression was quantified using the ΔΔCt method and housekeeping gene, 

human HPRT1, was used as endogenous control. 

  

2.5 Western Blotting and antibodies 

Total protein from cell lines was extracted by adding Cell Lysis buffer 1X (Cell 

signaling Technology) including protease and phosphatase inhibitor and 

maintaining on ice for at least 1 hour, followed by centrifugation for 15 min, 14.000 

g 4oC. Protein concentration was determined by bicinchoninic acid protein assay 

(QuantumProtein, Euroclone). Protein samples of equal amount (30μg) were loaded 

onto NuPAGETM 4-12% Bis-Tris Gel (Thermo Scientific), electrophoresed and 

transferred to a PVDF membrane (Thermo Scientific). The membrane was blocked 
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in 5% nonfat dried milk for 1 hour at room temperature and probed with primary 

antibodies in dilutions according manufacturer’s recommendations, against 

phospho-mTOR Ser2448 (#2976), Rictor (abcam ab70374), phospho-Rictor 

(#3806), Akt (#9272), phosphor-Akt(S473) (#4060), phospho-S6 (#4857), 

phospho-4E-BP1 (#2855), Hsp90 (#4877), for overnight incubation at 4oC. Apart 

Rictor, the rest antibodies were purchased from Cell Signaling Technology. The 

immunoreactive bands were detected with enhanced chemiluminescence ECL 

reagents (GE Healthcare BioSciences Corp). 

 

2.6 Cell viability assays 

Cells were seeded in 96-well (4.000/10.000/18.000 cells per well for H-1703/H-

1869/SK-Mes-1) or in 6-well plate (40.000/190.000 cells per well for H-1703/SK-

Mes-1), for short- (3 days) and long-term (7 days) treatment, respectively. Twenty-

four hours after seeding, serial dilutions of drugs were added to the media and cell 

viability measured after 3 or 7 days by Crystal violet assay. DMSO-only (maximum 

concentration of 0.1%) treated cells were considered as controls. In case of long-

term treatments, drug-containing media were refreshed after three days. Small 

molecule inhibitors AZD2014 (mTORC1/2) and PF-05212384 (PI3K/mTOR) were 

obtained from Selleckchem (Houston, TX, USA). All drugs were used as 

monotherapy. Each experiment was performed in triplicate. 

 

2.7 Rictor silencing  

H-1703 and H-1869 cells were sub-cultured appropriately and placed in 6-well plate 

in order to obtain a 50-60% confluent cell culture 24 hours before transfection. 

Three different SMARTvector Doxycycline-Inducible Lentiviral Rictor targeting 

shRNAs and one scramble shRNA (Dharmacon, GE Dharmacon, Pitssburgh, PA, 

USA) as negative control were transfected according the manufacturer’s protocol.  

Set of 3 SMARTvector Human Inducible shRNA: 

• V3SH7669-228720130, Mature Antisense: ATATGTAGCAGCGTATTAC 

• V3SH7669-229062802, Mature Antisense: CAAAATTAGCACCTCACTC 

• V3SH7669-230704057, Mature Antisense: CTCGGAGATACTGATCCCG 
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Polybrene (Millipore™) 10 µg/mL was also used to increase the efficiency of 

transfection. Transfected cells were then treated with puromycin, as selection 

antibiotic, for isolation of successfully transfected clones. After evaluation of Rictor 

levels by qPRC and immunoblotting, the most efficient shRNA was selected for 

transfecting the other cell lines.  



 
 

32 
 

 

 

 

 

 

 

 

3 Results 
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3.1 Genetic landscape of SQLC cell lines 

To characterize the in vitro models, we performed high coverage sequencing of 

three SQLC cell lines targeting known oncogenes and tumor suppressor genes. 

Sequencing data were used to identify single nucleotide variations, small indels, 

and gene copy-number variations. Results are summarized in Table 3.1. Notably, 

we found that all cell lines had gains of Rictor. This is in line with previous 

observations. 

 

Table 3.1. NGS analysis of 3 SQLC cell lines for a set of selected cancer-related genes. 

 

Moreover, FGFR1 amplification (a frequent finding in SQLC) was detected in H-

1703, while EGFR amplification and PTEN loss were identified in SK-Mes-1. 

To orthogonally validate presumed Rictor amplification, we performed both 

metaphase and interphase FISH analysis on the 3 SQLC cell lines. A high number 

of copies for both Rictor and CEP5 were detected for all cell lines, although with a 

Rictor/CEP5 ratio of 1 (Fig. 3.1). Therefore, we hypothesized that the gain of Rictor 

detected through sequencing is likely due to polysomy of the short arm of 

chromosome 5 (5p) rather than to focal amplification-as suggested by a previous 

study [47].  

Indeed, when using a telomeric 5q probe combined with telomeric 5p probe in H-

1703 we could observe an unbalance between the two signals with many more 

signals for 5p (Fig. 3.2). In keeping with 5p polysomy, other genes (e.g., TERT, 
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SDHA) located on the short arm of chromosome 5 were affected by gain in our cell 

lines. Despite that gene amplification is not the responsible mechanism, differences 

in terms of copy number of Rictor among cell lines were reported. H-1869 harbors 

the highest number with 10 Rictor copies followed by H-1703 with 6 and then SK-

Mes-1 with 4 Rictor copies.  

 

                                                                                                                                                                                         

Figure 3.1. Identification of Rictor copy gain by FISH testing in SQLC cell lines and patient 

samples.  

Representative metaphase and interphase FISH images. All three cell lines and patient sample 

present >2 for both Rictor (red) and Cep 5 (green) signals, producing a ratio approximately 1. 

 

Next, we sought to confirm the results in some SQLC patients belonging to our 

cohort (n=60) we use for different analyses also in other projects. The use of the 

two different probes (centromeric and telomeric) for normalization of locus-specific 

signals confirmed that in SQCL 5p polysomy, rather than focal gene amplification, 
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explains the high number of Rictor copies detected at targeted sequencing by us and 

other groups (Fig. 3.1 and 3.2). 

Figure 3.2. FISH experiments probing with telomeric probes of chromosome 5 in H-1703 and 

SQLC patient sample. 

Representative metaphase and interphase FISH images of SQLC cell line and patient sample with 

tel 5q (red) and tel 5p (green) probes. Both H-1703 and patient sample present a large imbalance of 

signals with many more for the 5p probe. 

 

3.2 Rictor and PI3K/mTOR pathway flux 

We sought to assess whether and how differences in Rictor gene dosage affected: 

i) Rictor mRNA transcript levels and ii) PI3K/mTOR pathway’s flux in SQLC 

cell lines. qRT-PCR analysis of the 3 cell lines revealed that mRNA transcripts 

encoding for Rictor are more abundant (7-fold increase) in H-1869 as compared 

to H-1703 and SK-Mes-1 (Fig. 3.3). Analysis of whole protein lysates from the 

3 cell lines confirmed the qPCR data; the H-1869 cell line showed the highest 

abundance of Rictor (Figure 3.4). Unexpectedly, the level of Rictor did not 

parallel those of phospho-Akt (S473), a well-established marker of PI3K/mTOR 

pathway activation, suggesting that in our preclinical models there is no 

correlation between Rictor level and activation of the PI3K/mTOR pathway 

(Figure 3.4). 
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Figure 3.3. Expression levels of mRNA transcripts for Rictor.  

Quantitative real time PCR of Rictor mRNA in SQLC cell lines. The graph represents fold change 

of mean expression relative to SK-MES-1 (cell line with less Rictor copies), given a value of 1. 

                            
Figure 3.4. Rictor levels and PI3K/Akt pathway activation in SQLC cell lines.  

Immunoblotting of whole protein lysate from H-1703 SK-Mes-1, and H-1869 probed with 

antibodies regarding mTOR pathway.  

 

 

 

3.3 Pharmacological inhibition of PI3K/mTOR signaling pathway 

in SQLC cell lines 

 

In order to verify whether a causative link among Rictor gene 

dosage/transcript/protein and sensitivity to pathway inhibitors exists, we treated the 
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3 SQLC cell lines with 2 different PI3K/mTOR targeted inhibitors. First, we 

challenged the 3 cell lines with the dual mTORC1/2 inhibitor AZD2014 

continuously for 3 and 7 days. H-1703 and SK-Mes-1 showed similar responses to 

3 days of treatment (Fig. 3.5 A), while H-1703 was more sensitive to the prolonged 

exposure to the drug (Fig. 3.5 B). H-1869 cell line, which shows the highest levels 

of Rictor at both mRNA and protein levels, was poorly responsive to both 3 and 7 

days of continuous treatment (Figure 3.5 A and B).  

More evident differences were observed when cell lines were challenged with a 

dual PI3K/mTOR inhibitor (PF-05212384), where H-1703 was much more 

sensitive than SK-Mes-1 and H-1869 both in short- and long-term (Fig. 3.5 C and 

D). Intriguingly and against our initial hypothesis, H-1869 did not look sensitive to 

PI3K/mTOR inhibition regardless the targeted inhibitor. Collectively, H-1703 

which presents, based on the immunoblotting experiments, the higher PI3K/mTOR 

pathway activity is the cell line that respond more efficiently to the targeted 

inhibition. In contrast, the higher Rictor genetic/transcript/protein profile that H-

1869 harbors did not affect drug efficacy. In conclusion, Rictor dosage does not 

predict sensitivity to PI3K/mTOR inhibitors in vitro. 

     
A) 

C) D) 

  B) 
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Figure 3.5. SQLC cells lines treated with PI3K/mTOR targeted inhibitors. A) Short-term 
(3 days) treatment with AZD2014. B) Long-term (7 days) treatment with AZD2014, C) 
Short-term (3 days) treatment with PF-05212384, D) Long-term (7 days) treatment of cell 
lines with PF-05212384. Cell viability assays were conducted by treating SQLC cells with 

increasing concentrations of drugs. The effect on cell viability was measured with crystal violet 

assay. The plates were read at 595 nM using a microplate reader and results are reported as percent 

of control. 

 

3.4 Pharmacologic treatment blocks signaling axis downstream of 

mTORC1 and mTORC2. 

Given the observed effects of the drug treatment on cell viability of SQLC cell line, 

we sought to assess whether the used drugs were actually able to modulate the 

pathway in preclinical models. Therefore, we treated H-1869, H-1703 and SK-Mes-

1 with sub-IC50 concentration of AZD2014 and PF-05212384 for few hours (2 and 

4 hours). In H-1703, AZD2014 rapidly reduced phosphorylation of Akt at Serine 

473 (2hrs), but without affecting the levels of the activated forms of mTOR or 

phospho-Rictor, nor those of downstream mTOR targets (S6 and 4EBP1) (Fig. 3.6 

Left). After 4 hours of exposure to AZD2014, pathway rewiring was observed in 

H-1703 as demonstrated by the increased levels of phospho-Akt (Fig. 3.6 Right). 

Conversely, PF-05212384 induced a rapid and durable reduction in the levels of the 

phosphorylated forms of Rictor and Akt, without affecting the phosphorylation of 

mTOR at the Serine 2448. Consistent with a dramatic reduction in the 

phosphorylation of Rictor and activation of Akt, reduced levels of the 

phosphorylated forms of S6 were observed in H-1703 exposed to PF-05212384 (Fig 

3.6).  
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Figure 3.6. Post-treatment immunoblotting of H-1703 for the PI3K/mTOR pathway. 

Immunoblotting for components of the PI3K/mTOR pathway components in H-1703 cells, untreated 

or treated with AZD2014 or PF-05212384 at the concentrations indicated after 2 and 4 hours. Hsp90 

was used as loading control 

 

In SK-Mes-1, 2-hour treatment with AZD2014 or PF-05212384 rapidly decreased 

the phosphorylation levels of Rictor, 4E-BP-1, and p-S6 levels. Phosphorylation 

levels of mTOR at S2448 were unaffected after 2 hours of treatment. In line with 

previous observations, SK-Mes-1 did not show detectable level of the 

phosphorylated Akt at S473 neither baseline nor after 2 hours of treatment pressure 

(Fig. 3.7 Left).  

Following 4 hours of exposure to drugs, the effect on the phosphorylation levels of 

4E-BP-1, p-Rictor and p-S6 levels were persistent, and interestingly we could 

observe a reduction of phospho-mTOR at S2448 (Fig. 3.7 Right). 

 

 

 

2h 4h 

H-1703 
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Figure 3.7. Post-treatment immunoblotting of SK-Mes-1 for the PI3K/mTOR pathway. 

Immunoblotting for related mTOR pathway components in SK-Mes-1 cells, untreated or treated 

with AZD2014 or PF-05212384 at the concentrations indicated after 2 and 4 hours. Hsp90 was used 

as internal control 

In H-1869, 2 hours of AZD2014 (dual mTORC1/2 inhibitor) treatment lead to an 

increase in the levels of both p-mTOR and p-S6, despite a slight reduction in the 

level of p-Rictor (Figure 3.8). Levels of the activated form of Akt were largely 

unaffected (Figure 3.8). Two hours of treatment with the dual PI3K/mTOR 

inhibitor PF-05212384 caused a marked reduction in the level of the activated form 

of Rictor, while increasing levels of p-mTOR and p-S6. Collectively, these data 

suggest that targeting of the PI3K/mTOR pathway in cells with high levels of Rictor 

has paradoxical effect in the activation of mTOR and some of its downstream 

component, namely S6 Kinase. These results might partially explain why the 

targeted agents were largely ineffective in reducing viability of H-1869. 

 

SK-Mes-1 

2h 4h 
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Figure 3.8. Post-treatment immunoblotting of H-1869 for the PI3K/mTOR pathway. 

Immunoblotting for related mTOR pathway components in H-1869 cells, untreated or treated with 

AZD2014 or PF-05212384 at the concentrations indicated after 2. Hsp90 was used as internal 

control 

 

3.5 Genetic perturbation of Rictor does not affect sensitivity of 

SQLC cell lines to targeted inhibitors  

Although the previous experiments showed that Rictor is not predictive of response 

to PI3K/mTOR inhibition, we attempted at exploring this finding also through 

genetic shRNA perturbation. To achieve this, we used a doxycycline inducible 

shRNA system. First, we screened the three shRNAs and identified the most 

effective, which was able to reduce Rictor levels by 70% in H-1703 (Figure 3.9 A 

and 3.9 B)  

 

Accordingly, reduction of Rictor associated with reduction of activation through 

the pathway as measured by reduced levels of p-Akt S473, while not affecting 

phosphorylation of two different key residues of mTOR (Fig. 3.9 A). Challenging 

H-1869 
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the transfected cells with our most effective drug compound, PF-0521238, we did 

not observe differences regarding IC50 between Rictor proficient (scramble 

shRNA) and Rictor deficient cells (Fig. 3.9 C). 

 

 

              

 

 

 

 

 

 

 

 

 

                                            
Figure 3.9. Rictor silencing in H-1703 does not affect the drug sensitivity to PI3K/mTOR 

inhibition.  

A) Western Blot confirming efficient Rictor knockdown in H-1703. B) Quantification of Rictor 

protein expression after induction of the shRNAs with 100 ng/ml of doxycycline. Protein expression 

was quantified by ImageJ software. C) Graph showing cell viability assay in H-1703 transfected 

with scramble and targeting shRNA. 

 

We also performed genetic deletion of Rictor also in the H-1869, the cell line 

harboring the highest number of Rictor copies, even if appeared to be the most 

H-1703 

A) B) 

C 
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resistant compared to other two SQLC cell lines. Reduction of Rictor levels by the 

shRNAs in H-1869 was less efficient (around 50%) as compared to H-1703 (Fig. 

3.10 A and B).  

However, no differences in terms of drug sensitivity were observed between Rictor 

proficient and Rictor deficient cells after treatment with either AZD2014 or PF-

05212384 (Fig. 3.10 C). 

 

 

                                                

                                  

 

 

 

A) B) 

H-1869 

C) 

Figure 3.10. Rictor silencing in H-1703 does not affect the drug sensitivity to PI3K/mTOR inhibition.   

A) Western Blot confirming Rictor knockdown in H-1869, B) Quantification or Rictor protein expression following induction 

of the targeting shRNA with 250-500 ng/ml of doxycycline. Protein expression was quantified by ImageJ software, C) graphs 

showing cell viability assays in H-1869 transfected with scramble and targeting shRNA. 
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4 Discussion 
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Lung cancer is a deadly disease lacking life-extending treatments for the vast 

majority of patients. However, the advent of TKIs after the identification of EGFR 

mutations in LUAD patients was not only a major breakthrough in lung cancer 

treatment but also paved the way for a pioneer, biomarker-based research strategy. 

Towards this, extensive studies explored SQLC genomic status unrevealing several 

signatures of genomic alterations. Several components of the FGFR and 

PI3K/mTOR pathways were most frequently affected by genetic alterations in 

SQLC patients. However, their involvement in SQLC onset and progression is 

poorly understood to date, and clinical trials aimed at inhibiting different effectors 

of the aforementioned signaling pathways generated mediocre results. The poor 

translation of findings from comprehensive genetic analyses to the clinical setting 

is also contributed by the fact that correlative rather than causative relationships has 

been established for the majority of genetic alterations in SQLC.  In 2015, Cheng 

et al. reported of Rictor amplification in SQLC and, using an individual cell line 

(H-1703), they suggested an oncogenic and predictive role for Rictor [47]. Building 

on this, we sought to assess whether or not Rictor is a true dependency in subsets 

of SQLC and, more importantly, whether it represents a valid predictive biomarker. 

First, we demonstrated that Rictor is not amplified in SQLC and that copy-number 

gains, as assessed by NGS, are rather due to polysomy of 5p and not a focal gene 

amplification. The same results were also observed in vivo, by performing FISH 

analyses on patients’ tissue. Our data are in disagreement with those reported by 

Cheng et al., and this is due to different experimental procedures used to identify 

and validate Rictor copy-gains. Indeed, Cheng et al. reported focal Rictor 

amplification in a subset of SQLC patients based on DNA targeted sequencing [47]. 

Similarly, our targeted DNA sequencing data also suggested Rictor amplification, 

albeit we noticed that other genes lying on the same chromosomal arm were called 

as amplified (IL7R, FGF10, PTGER4). To validate the NGS finding, we have 

chosen a more comprehensive FISH approach as compared to that used by Cheng 

and colleagues [47], as it was based on the use of multiple probes to normalize the 

signal of the Rictor-specific probe. In line with a polysomy of the short arm of 

chromosome 5, no amplification was identified in either cell lines or tissues when 
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locus specific signals were normalized using centromeric or telomeric probes on 

the 5p. Similar to the results obtained by Cheng et al. [47], we mistakenly assigned 

amplification when using 5q telomeric probes. In agreement with our observation, 

Sakre et al. performed targeted exome sequencing in SCLC and reported 

amplification of Rictor, FGF10 and IL7R, all neighboring genes located on 5p13. 

Intriguingly, targeted genes on 5q arm were not amplified. Therefore, we can 

confidently conclude that there is no recurrent focal amplification of Rictor in 

SQLC but rather polysomy of 5p, which could lead to increase gene dosage. 

Therefore, here we tested whether high dosage of Rictor could be a driver of disease 

and a potential therapeutic target in subset of SQLC. We screened 3 different SQLC 

cell lines and found that, despite different genetic background, all harbored CNG 

but with different levels. As expected, high CNG of Rictor corresponded to 

increased mRNA and protein expression. Unexpectedly, high levels of Rictor did 

not correspond to increased fluxes through the PI3K/mTOR pathway as assessed 

by the levels of the phospho-activated form of Akt (S473). Consistent with the 

results of the pathway analysis, the SQLC cell line (H-1869) harboring highest level 

of Rictor showed poor sensitivity towards 2 effective multitarget compounds 

(AZD2014 and PF-05212384) of the PI3K/mTOR pathways. In keeping with 

available literature, levels of p-AKT S473 were instead predictive of sensitivity 

towards compounds targeting PI3K/mTOR in H-1703 cell line. Indeed, we detected 

a rapid decrease of p-Akt S473 for H-1703 which can explain the high sensitivity 

to PI3K/mTOR inhibition. As was anticipated, our drug compounds, effectively 

modulated the PI3K/mTOR pathway, explaining, at least partially, cancer cell 

survival impairment which we observed in our cell viability assays. In H-1703, 

treatment with PF-05212384 modulated stronger and faster the PI3K/mTOR 

pathway compared to AZD2014 downregulating rapidly p-Akt S473 and p-S6. 

Indeed, IC-50 values for PF-05212384 and AZD2014 were 19 nM and 139 nM, 

respectively. Peculiarly, levels of p-mTOR S2448 are not affected by the drugs. 

Treatment of SK-Mes-1 with the same inhibitors for the same period of time 

induced an immediate downregulation of p-S6 and p-4E-BP-1. However, total 

absence of p-Akt S473 expression might render these cells more resistant to the 

drugs as IC-50 values show, 315 nM and 460 nM for AZD2014 and PF-05212384, 
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respectively. H-1869 showed only slight decrease of p-Akt S473 and in 

combination with upregulation of p-S6, the high resistance to the drugs can be 

explained. Interestingly, p-Rictor is downregulated rapidly and in parallel with p-

S6 in H-1703 and SK-Mes-1 cell lines, indicating that a Rictor-specific crosstalk 

between mTORC1 and mTORC2 might exist. However, in H-1869, the opposite 

effect is observed. Nevertheless, the exact impact of Rictor phosphorylation on 

mTORC2 activity is not clear yet. 

Finally, we used an inducible system to silence Rictor in SQLC cell lines with 

different CNG levels. Overall, our data suggest that copy-gain of Rictor is not a 

dependency in SQLC cell lines and does not influence resistance/sensitivity to drug 

treatments. Following efficient knock down of Rictor, we could successfully 

modulate pathway fluxes with reduced levels of p-AKT on S473; yet, Rictor 

proficient and deficient cell lines did not show differences in terms of cell viability 

and sensitivity towards targeted agents.  

Collectively, our results suggest that a careful dissection of the role and relevance 

of candidate should be undertaken using orthogonal approaches before nominating 

potential therapeutic targets in cancer. 

There are multiple examples of genomic aberrations mistakenly proposed as valid 

therapeutic or prognostic targets in cancer. Correlation is not causation, and a 

careful dissection of the role of genetic alterations in a given tumor type is 

mandatory to avoid that experimental efforts (and financial investments) are made 

towards targeting dispensable genes. Our data strongly suggest that Rictor is not a 

dependency in SQLC and, further, does not represent a predictive biomarker of 

response to PI3K/mTOR-targeted therapy. This might suggest that other 

components of the genetic background of the cell lines might affect 

sensitivity/resistance towards those compounds.  

Nonetheless, genomic aberrations of Rictor might affect other cellular behaviors, 

including invasive capabilities and interaction with the microenvironment. We have 

now defined a suitable platform of mTORC2 for interrogation of relevant biological 

questions in SQLC regarding this relatively unexplored signaling entity. 
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