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Abstract 

Acute myeloid leukemia (AML) is an aggressive hematopoietic malignancy, characterized by a 

heterogeneous genetic landscape and complex clonal evolution, with poor outcomes. Mutation at the 

internal tandem duplication of FLT3 (FLT3-ITD) is one of the most common somatic alterations in 

AML, associated with high relapse rates and poor survival due to the constitutive activation of the 

FLT3 receptor tyrosine kinase and its downstream effectors, such as PI3K signaling. Thus, aberrantly 

activated FLT3-kinase is regarded as an attractive target for therapy for this AML subtype, and a 

number of small molecule inhibitors of this kinase have been identified, some of which are approved 

for clinical practice. Nevertheless, acquired resistance to these molecules is often observed, leading 

to severe clinical outcomes. Therapeutic strategies to tackle resistance include combining FLT3 

inhibitors with other antileukemic agents. Here, we report on the preclinical activity of the 

combination of the FLT3 inhibitor quizartinib with the dual PI3K/mTOR inhibitor PF-04691502 in 

FLT3-ITD cells. Briefly, we show that the association of these two molecules displays synergistic 

cytotoxicity in vitro in FLT3-ITD AML cells, triggering 90% cell death at nanomolar concentrations 

after 48 hours. 
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Introduction 

Acute myeloid leukemia (AML) is an aggressive, heterogeneous clonal disease associated with high 

mortality (Döhner et al., 2015; Saultz and Garzon, 2016). The backbone of drug treatment relies on 

chemotherapy and targeted therapy, or very recently on immunotherapy. AML is characterized by 

chromosomal aberrations (45% patients) as well as mutations in genes such as FLT3, NPM1, 

DNMT3A, IDH1/ IDH2, N/KRAS, TET and fusion genes (Im et al., 2014; Arber et al., 2016; Follo 

et al., 2020), leading to clonal proliferation of malignant myeloid progenitors that do not reach 

terminal differentiation (Gebru and Wang, 2020; Darici et al., 2020; Massett et al., 2021) and impair 

normal hematopoiesis (Kumar, 2011; Lagunas-Rangel et al., 2017). Like karyotype aberrations, 

mutations are now recognized as important diagnostic and/or prognostic markers. Notably, some 

AML recurrent mutations represent ideal druggable targets, and compounds with the desired activity 

have already reached the clinic. One such target is the class 3 receptor Fms-like tyrosine kinase 3 

(FLT3) (Kennedy and Smith, 2020). Following activation by its ligand FLT3, downstream signaling 

is elicited via the phosphatidylinositol 3-kinase/AKT/mTOR (PI3K/AKT/mTOR) pathway and the 

Ras/Raf/MEK/ERK pathway (Takahashi, 2011). Mutations at the internal tandem duplication in the 

juxtamembrane domain coding region (FLT3-ITD), or point mutations of the tyrosine kinase domain 

(TKD) in FLT3 are the most common alterations in AML, identified in approximately one-third of 

newly diagnosed adult patients (Stirewalt and Radich, 2003; Papaemmanuil et al., 2016), but common 

in pediatric AML as well (Bolouri et al., 2018), resulting in ligand-independent activation of the 

receptor and downstream signaling (Kiyoi et al., 2002). 

Regrettably, although a number of small molecules targeting FLT3 have been produced and trialled, 

the responses in AML patients were only transient while resistance to second-generation inhibitors 

such as quizartinib occured quite rapidly, thus impairing its clinical impact as monotherapy (Garcia-

Horton and Yee, 2020; Smith et al., 2017). Aberrant activation of FLT3, as well as of other oncogenic 

regulators such as Ras, impact downstream pathways, leading to constitutive PI3K signaling 

(Bertacchini et al., 2014; Chen et al., 2010). In normal cells activation of class 1A PI3Ks is a tightly 



regulated multistep process triggered by binding of the regulatory p85 subunit to phosphorylated 

growth factor receptors or adaptor proteins in proximity to the plasma membrane (Manning and 

Toker, 2017; Rathinaswamy and Burke, 2020), where the minor but essential constituent of plasma 

membranes phosphatidylinositol 4,5-bisphosphate (PIP2) is located (Lo Vasco et al., 2004; Ratti et 

al., 2021), although its essential nuclear location is also very well described (Maraldi et al., 1993; 

Follo et al., 2012). Activated PI3K thus converts PIP2 into phosphatidylinositol (3,4,5)-trisphosphate 

(PIP3) (Manning and Toker, 2017; Hirsch et al., 2020). This way, the signal is relayed to effectors 

such as AKT and mTOR, and propagates into multiple downstream branches, which undergo complex 

cross-talk ultimately allowing PI3K to control most cellular activities (Lucarelli et al., 2002; 

McCubrey et al., 2007; Bulj et al., 2013; Naeem et al., 2015; Hermida et al., 2017; Ruzzene et al., 

2017; Bertacchini et al., 2019). Due to its key roles and constitutive activation in most human cancers, 

a number of compounds targeting the various nodes of the PI3K pathway were developed and subject 

to extensive screening in vitro and in vivo (Alzahrani, 2019; Hillmann and Fabbro, 2019; Braglia et 

al., 2020). Unfortunately, most compounds failed in clinical trials, due to intolerable adverse reactions 

as well as compensatory mechanisms or feedback loops, which reactivate the pathway following 

chronic inhibition thus hindering treatment efficacy (Alzahrani,2019; Hillmann and Fabbro, 2019). 

It has been reported recently that due to long hospitalization and expensive diagnostic testing and 

therapies, the economic burden of blood disorders has reached the amazing amount of several billion 

per year in Europe (Luengo-Fernandez et al., 2016) that is expected to increase because of the aging 

global population and the high cost of novel drug discovery and production. On the other hand, 

hitherto dozens of selective and powerful drugs have been produced, which have not entered the clinic 

because of detrimental side effects. However, if administered to the right patient subgroup in 

combination with other therapeutic agents, such as standard chemotherapy or targeted drugs, some of 

these compounds might display tolerable toxicity and increased efficacy at lower concentrations. 



In our previous work, we demonstrated that vertical inhibition of PI3K and mTOR by NVPBEZ235 

showed strong cytotoxicity not only towards AML cell lines, but also in primary blast cells grown in 

protective conditions such as co-culturing with stroma (Bertacchini et al., 2018). Remarkably, 

NVPBEZ235 was able to target the CD34+/CD38-/CD123+ cancer stem cell subpopulation in a 

group of patients. This result deserved further investigation of the efficacy of dual PI3K/mTOR versus 

single PI3K inhibition in AML. 

Quite interestingly, it has been shown that aberrant activation of the PI3K/AKT/mTOR pathway 

promotes resistance to FLT3 inhibition by sorafenib (Lindblad et al., 2016). Moreover, combined 

inhibition of mTOR and FLT3 showed synergistic cytotoxicity in CML caused by FLT3 mutation 

(Mohi et al., 2004; Wang et al., 2015). In addition, the anti-diabetic biguanide metformin (Candido 

et al., 2018), that has been shown to exert anti-cancer effects through the inhibition of the 

PI3K/mTOR, displayed synergistic effect with sorafenib in FLT3-ITD cell lines (Wang et al., 2015), 

and a phase I study is ongoing (NCT00819546) with concomitant FLT3 and mTOR inhibition by 

midostaurin and everolimus respectively. 

On this basis, we tested the PI3K/mTOR inhibitors PF-04691502 and LY-3023414 (Bendell et al., 

2018; Rubinstein et al., 2020), and compared them to the p110δ isoform-selective inhibitor CAL-101 

(idelalisib) (FDA-approved for lymphoid malignancies) (Herman et al., 2010; So and Fruman, 2012; 

Miller et al., 2015). Although these compounds failed to achieve the expected success in clinical trials 

as monotherapy, they displayed clinical benefit response in combination therapies (Del Campo et al., 

2016; Danilov et al., 2020). Consequently, we assessed their efficacy in association with quizartinib 

in FLT3-ITD cells compared to AML cells carrying wild-type FLT3. 
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Materials and methods 

CAL-101, LY-3023414 and PF-04691502 were obtained from Selleckchem, and were reconstituted 

as 10 mM stock solutions in DMSO then stored at -20°C. 

Cell lines (THP-1, Kasumi-1, NOMO-1, U937, OCI-AML3, HL60, MOLM-13 and MV4-11) (Table 

1) were purchased from DSMZ (Germany) and were cultured in RPMI 1640 medium supplemented 

with 10% (v/v) fetal bovine serum (FBS) and 2 mM L-glutamine at 37°C, 5% CO2 in a humidified 

incubator. All cell culture reagents were from Thermo Fisher Scientific. Cells were treated with either 

vehicle control or increasing concentrations of drugs as indicated. Growth inhibition was assessed by 

colorimetric resazurin assay (Uzarski et al., 2017) or 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl 

tetrazolium bromide (MTT) assay as described previously (Mediani et al., 2016). 

Cell cycle analysis. Cells were washed in PBS and fixed at -20°C in 70% ethanol overnight. 

Following fixation, cells were washed in PBS then stained with propidium iodide (PI)/ ribonuclease 

A (RNase A) for 30 minutes in the dark at 37˚C before being analysed using the FACSCantoII flow 

cytometer (BD Biosciences). Data was acquired using BD FACS Diva software. The percentage of 

cells in each cell phase: G0/G1, S, or G2M was quantified using FlowJo software. 

Apoptosis assay. Cells were washed in Hanks' Balanced Salt Solution (HBSS) and stained with 

annexin V/DAPI staining (BD Biosciences) for 15 minutes at room temperature in the dark prior to 

analysis with a flow cytometer as above. The percentage of viable and apoptotic cells was quantified 

using the FlowJo software. 

Combination index (CI) was calculated according to the Chou-Talalay method (Chou and Talalay, 

1984) with the CompuSyn software, where CI<1 indicates synergism, CI=1 additive effect, and CI>1 

antagonism, whereas CI by Bliss Independence method (Zhao et al., 2014) was calculated using 

SynergyFinder (version 2.0). 

Reverse Phase Protein Array analysis (RPPA). RPPA array assembly, printing, staining and analysis 

were performed as reported previously (Maraldi et al., 2011; Cimmino et al., 2016; Zampini et al., 

2016; Serafin et al., 2017). Briefly, cells were lysed on ice for 30 minutes in TPER Reagent (Pierce, 



Rockford, IL), 300 mM NaCl, 1 mM Na Orthovanadate, 200 mM PEFABLOC (AEBSF) (Roche, 

Basel, Switzerland), 5 μg Aprotinin (Sigma-Aldrich, St Louis, MO, USA), 5μg Pepstatin A (Sigma-

Aldrich, St Louis, MO, USA), 5μg Leupeptin (Sigma-Aldrich, St Louis, MO, USA). All samples 

were diluted to a final concentration of 0.5 mg/mL with Tris-Glycine SDS buffer + β-mercaptoethanol 

and then 30 μL of each sample were loaded on a 384-well plate in a series of 4-fold dilutions and 

printed in duplicate on nitrocellulose coated glass slides (ONCYTE Nitrocellulose Film Slides, Grace 

Bio-Labs, Oregon, USA). Then, the slides were subjected to immunostaining with the indicated 

antibodies. Slides were stained on an automated slide stainer (Dako, Carpinteria, CA, U.S.A) using a 

biotin-linked peroxidase catalyzed signal amplification. Both primary and secondary antibodies were 

obtained from Cell Signaling Technology and had been validated previously (Maraldi et al., 2011; 

Serafin et al., 2017).  

Statistical analysis. The data is either shown as individual values or as an average. Error bars represent 

the standard deviation (SD). Statistical analysis was performed using the GraphPad Prism software. 

To compare two groups, paired student’s t-test was performed and to compare multiple groups, paired 

one-way ANOVA with multiple comparisons test was performed. A p-value of <0.05 was considered 

significant. 

 

  



Results and Discussion. 

 

AML cell lines display differential sensitivity to PI3K signaling blockade 

Here we explored whether PI3K oncogenic signaling downstream of the most common AML 

phenotypes such as mutant Ras or FLT3 can be disrupted by blocking PI3K or by dual inhibition of 

PI3K/mTOR. Thus, we screened the ATP-competitive PI3K/mTOR inhibitors PF-04691502 and LY-

3023414, and the p110δ-selective PI3K inhibitor CAL-101 in a panel of cell lines carrying the most 

frequently described mutations in AML patients (Table 1). 

Contrary to previous reports (Nguyen, et al., 2014), our results clearly show that all cell lines tested 

were resistant to inhibition of p110δ by CAL-101 even at the highest concentration (4 µM), in terms 

of cell viability (Figure 1A and Figure 1S). Conversely, PI3K/mTOR inactivation by LY-3023414 or 

PF-04691502 resulted in a clear-cut concentration- and time-dependent decrease (p>0,0001) in all 

cell lines except the NPM1 and R882C-DNMT3A mutant OCI-AML3 cells (Martelli et al., 2010) 

(Figure 1B-C and Figure 1S). It is worth noting that FLT3-ITD cells displayed a remarkably high 

sensitivity towards PI3K/mTOR signaling inhibition at concentrations close to the IC50 range (a 

selection is shown in Table 1S). 

 

Dual PI3K/mTOR targeting triggers caspase 7 and PARP cleavage in FLT3-ITD cells 

Next, the ability of these drugs to induce apoptosis was monitored through cleavage of well-known 

apoptotic markers, namely the effector caspase 7 and its target poly(ADP ribose) polymerase 1 

(PARP) (Tewari et al., 1995) by RPPA analysis. Cell lines exhibited very different behaviors in 

response to drug treatment (Figure 2). In particular, MOLM-13 and MV4-11 were remarkably 

sensitive to targeted signaling blockade, especially by PF-04691502 (Figure 2B). NOMO-1, Kasumi-

1 and U937 cells displayed a significant increase of active caspase 7, although the timing of the 

response was cell line dependent, being between 16 and 48 hours (Figure 2S). Quite unexpectedly, 

OCI-AML3 cells showed some degree of PARP inhibition too, whereas HL60 were resistant to 



treatment, as very low levels of cleaved caspase 7 or PARP were detectable up to 48 hours. Thus in 

this first part of our work we established that AML cell lines carrying the FLT3-ITD mutation showed 

high sensitivity to dual inhibition of PI3K/mTOR both in terms of reduction of cell viability and 

cleavage of apoptosis markers. 

 

PI3K/mTOR inhibition robustly abrogates signaling in FLT3-ITD cells 

We then asked whether the effect on cell viability was mirrored by inhibition of signaling by the same 

compounds, i.e., if the sensitivity of FLT3-ITD AML cell lines to drugs targeting the PI3K pathway 

correlated with their ability to abrogate phosphorylation of key endpoints durably, thus avoiding 

rebound signaling. As a readout of PI3K and mTOR inhibition, we therefore monitored 

phosphorylation of AKT (Manning and Toker, 2017), GSK3 (Evangelisti et al, 2020; McCubrey et 

al., 2016; Steelman et al., 2016) and S6 ribosomal protein (S6RP) (Ruvinsky and Meyuhas, 2006) 

through RPPA analysis. In line with our aforementioned observations, PF-04691502 and LY-

3023414 were able to evoke a dramatic, long-lasting reduction in phosphorylation of the selected 

epitopes in MOLM-13 and MV4-11, whereas response to CAL-101 was very poor (Figure 3). In 

contrast, HL-60, NOMO-1 and Kasumi cells showed no or very low sensitivity to these compounds 

even upon pulse treatment (1 hour) (Figure 3S). On the other hand, an early reduction of 

phosphorylation was clearly detectable in U937, OCI-AML3 and THP-1. With the exception of THP-

1 cells, signaling inhibition did not last, though, and AKT activity recovered quickly (Figure 3S). 

 

Dual PI3K/mTOR inhibitors display synergistic cytotoxicity with quizartinib in FLT3-ITD cells  

We have shown that the cytotoxic response and the apoptotic markers of different cell lines, as well 

as PI3K pathway activation profiling, indicate that FLT3-ITD cells are better responders to 

PI3K/mTOR signaling inhibition than other AML common phenotypes such as NPM1 mutant cells. 

Therefore, next we explored whether the association with the selective FLT3 inhibitor quizartinib 

potentiated the ability of PF-04691502 to kill FLT3-ITD AML cells. 



First, we compared the efficacy of PF-04691502 alongside the selective FLT3 inhibitor quizartinib 

in FLT3-ITD MOLM-13 and MV4-11 versus wild-type FLT3 THP-1 cells (Figure 4A). Indeed, in a 

time course resazurin-based cell viability assay, both PF-04691502 and quizartinib potently decreased 

the viability of both MOLM-13 (IC50 160.9 nM and 0.7 nM, respectively) and MV4-11 (IC50 195.4 

nM and 0.6 nM, respectively) (Table 1S). Importantly, the observed effect for quizartinib was 

selective for FLT3-ITD cells as quizartinib did not reduce the viability of wild-type FLT3 THP-1 

cells (Figure 4A). We further investigated whether the observed reduction of viability was caused by 

cell cycle arrest and/or death via apoptosis. Accordingly, a parallel increase of cells arrested in G1 

phase was detectable after 24 hours treatment (Figure 4B), together with a significant, though not 

dramatic, increase of apoptosis, particularly after 48 hours, only in MOLM-13 and MV4-11 cells 

(Figure 4C). FLT3 wild-type cell line THP-1 was also treated with quizartinib to exclude off-target 

effects (Figure 4B-C). 

Furthermore, we evaluated the efficacy of MOLM-13 cells exposed to a concentration range of 

quizartinib and PF-04691502 around their respective IC50s, for 48 hours, either alone or in 

combination. Remarkably, we observed that concomitant addition to the culture medium of PF-

04691502 and quizartinib at concentrations as low as 120 nM PF-04691502 and 1.44 nM quizartinib 

exerted enhanced reduction of viability and this effect was found to be synergistic (Combination 

Index score of 0.4) (Figure 5A). In addition, assessing cell cycle status and apoptosis revealed 

enhanced G1 phase arrest, and more than double the number of apoptotic cells with respect to single-

agent treatment, reaching 90% cell death at 240 and 2.88 nM PF-04691502 and quizartinib 

respectively (Figure 5B-C). This data represents the first report of a potent synergistic antileukemic 

effect upon concomitant targeting of FLT3 and PI3K/mTOR in FLT3-ITD AML cells. 

Twenty years on from the FDA approval of the first kinase inhibitor, imatinib, for the treatment of 

CML (Cohen et al., 2002), targeted inhibition of oncogenic signaling is regarded as a central option 

for modern oncology. Pharmaceutical companies and the scientific community are fully committed 

to the development of selective inhibitors of oncogenes such as PI3K or FLT3 kinases and many 



selective and potent compounds have been identified. With few exceptions, however, despite 

extraordinary costs and efforts, most compounds give rise to primary or secondary resistance 

(Alzahrani, 2019; Hillmann and Fabbro, 2019) underlining that more cost-effective strategies are 

urgently required. Promising results may come from current trials where PI3K/mTOR inhibitors, 

already marketed but not in clinical use because of modest effect or long-term adverse events as single 

agents, are combined to achieve parallel pathways inhibition, targeted and non-targeted combinations 

or with other antitumor agents (Darici et al., 2020; Alzahrani, 2019; Herschbein and Liesveld, 2018; 

Grignani et al., 2015). This strategy would have significant advantages, as all the important 

characteristics of these drugs, such as their pharmacokinetics, pharmacodynamics and toxicity have 

already undergone extensive study not only in cell and animal models but also in patients. Consistent 

with this line of evidence, our work, although performed only in cell lines in vitro, highlighted that 

in FLT3-ITD AML cells the combination with FLT3 inhibitors could unlock the potential of 

PI3K/mTOR blocking compounds that did not reach the clinic, such as PF-04691502, leading to 

synergistic cytotoxicity at much lower concentrations than single-agent therapy. 
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Legends to Figures and Tables. 

 

Table 1. Mutational background of AML cell lines 

The mutational background of the cell lines employed in this work is shown. 

 

Figure 1. AML cell lines display differential sensitivity to PI3K signaling blockade. 

Effect of the addition of increasing concentration of A) CAL-101, B) LY-3023414 and C) PF-

04691502 for 24 (left panel) or 48 hours (right panel) on AML cell viability. Values in the heatmap 

represent the average of three technical triplicates. 

 

Figure 2. Dual inhibition of PI3K/mTOR elicits cleavage of caspase 7 and PARP in FLT3-ITD 

AML cells. 

The status of the apoptosis markers caspase 7 (upper panel) and PARP (lower panel) in MOLM-13 

and MV4-11 FLT3-ITD AML cells treated with either PI3K-p110δ or dual PI3K/mTOR inhibitors 

LY-3023414 and PF-04691502, at the indicated concentrations, was analyzed by RPPA. Control 

samples, treated with drug vehicle only (DMSO), were included at each time point The results are 

presented as drug-treated versus vehicle-treated cells (%) and are individual values from four 

replicates showing <5% deviation. 

 

Figure 3 PI3K/mTOR pathway activation in FLT3-ITD AML cells. 

Inhibition of PI3K signaling by either the PI3K-p110δ inhibitor CAL-101 or the dual PI3K/mTOR 

inhibitors LY-3023414 and PF-04691502 was analyzed through RPPA, by comparison of the 

phosphorylation status of AKT S473, S6RP S240/244, GSK3 S21/3 in MOLM-13 and MV4-11 

FLT3-ITD AML cells. The experimental design included three time points, i.e. 1, 16 and 48  hours. 

Control cells treated with drug vehicle only (DMSO), were included at each time point. The results 



are presented as drug-treated versus vehicle-treated cells (%) and are individual values from four 

replicates showing <5% deviation. 

 

Figure 4. PF-04691502 evokes reduction of cell viability, G1 cell cycle arrest and apoptosis in 

FLT3-ITD AML cells. 

THP-1, MOLM-13 and MV4-11 cells were exposed to increasing concentrations of PF-04691502 for 

the indicated times. A) Cell viability was measured by means of a resazurin-based cell viability assay. 

Cell growth curves represent the averages of three independent replicates (n=3). Error bars represent 

average ± SD for each drug concentration. B) Cell cycle progression was assessed by PI staining 

followed by flow cytometry analysis. Bar graphs represent the ratio of G1 to (S+G2M) of three 

independent replicates (n=3). C) Apoptosis was evaluated by flow cytometry of annexin V/DAPI 

stained cells. Each bar represents the average ± SD percentages of apoptotic cells of three independent 

replicates (n=3). Statistical analysis was performed by one-way ANOVA followed by Dunnett's 

multiple comparisons: *p<0.05, **p<0.01,  ***p<0.001, ****p<0.0001. 

 

Figure 5. Combination of quizartinib and PF-04691502 synergistically reduces cell viability and 

induces apoptosis. 

A) Cell viability of MOLM-13 cells were exposed to a concentration range of quizartinib (quiz) and 

PF-04691502 close to IC50 concentrations for 48 hours, either alone or in combination. Heatmaps 

and bar graphs represent the average percentage of inhibition of cell viability of four independent 

replicates (n=4). Bar graphs represent average ± SD for each drug concentration. Statistical analysis 

was performed by student’s t-test. Combination index (CI) was calculated by Chou-Talalay and Bliss 

Independence methods. For CI by Chou-Talalay method CI<1 indicates synergism, CI=1 additive 

effect, and CI>1 antagonism. CI by Bliss independence method calculated using SynergyFinder 

(version 2.0) identified synergistic (dark) and antagonistic (light) concentration regions. The most 



synergistic area is highlighted with a box. B) Cell cycle state was measured in MOLM-13 cells 

exposed to an increasing range of concentrations of quizartinib and PF-04691502, close to the drug 

IC50 concentrations for 48 hours either alone or in combination. Bar graphs represent the ratio of G1 

to (S+G2M) of four independent replicates ± SD (n=4). The combination of the highest drug 

concentration was toxic and therefore not included. C) Apoptosis was measured on MOLM-13 cells 

exposed to an increasing range of concentrations of quizartinib and PF-04691502, close to the drug 

IC50 concentrations for 48 hours either alone or in combination. Bar graphs represents the average ± 

SD of four independent replicates ± SD (n=4). Statistical analysis was performed by unpaired 

Student’s t-test: *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. 

  



Legends for Supplementary Figures and Tables. 

 

Table 1S. IC50 values of human AML cell lines treated with PF-04691502 or quizartinib. IC50 

values (nM) represent average of three independent replicates (n=3). ‘not reached*’ was tested up to 

10,000 nM quizartinib. 

 

Figure 1S. FLT3 wild-type and FLT3-ITD AML cell lines display differential sensitivity to PI3K 

signaling blockade. The effect of addition of increasing concentration of CAL-101, LY-3023414 

and PF-04691502 for 48 hours on viability of the indicated AML cell lines was assessed by MTT 

assays. Values represent the mean of three indipendent replicates (n=3). Statistical analysis was 

performed by one-way ANOVA followed by Dunnett's multiple comparisons: **p<0.01, 

***p<0.001, ****p<0.0001. 

 

Figure 2S. Effect of inhibition of PI3K signaling on cleavage of caspase 7 and PARP in FLT3 

wild-type AML cells. The status of the apoptosis markers caspase 7 (upper panel) and PARP (lower 

panel) in the indicated FLT3 wild-type AML cells treated with either PI3K-p110δ or dual 

PI3K/mTOR inhibitors LY-3023414 and PF-04691502 was analyzed by RPPA. Time points and 

concentrations were as indicated. Control samples, treated with drug vehicle only (DMSO), were 

included at each time point. The results are presented as drug-treated versus vehicle-treated cells (%) 

and are individual values from four replicates showing <5% deviation. 

. 

 

Figure 3S. AKT phosphorylation in FLT3 wild-type AML cells. As a readout of PI3K signaling 

inhibition activation, AKT S473 phosphorylation was analyzed through RPPA, in FLT3 wild-type 



AML cells treated with ether PI3K-p110δ or dual PI3K/mTOR inhibitors. The concentrations were 

as indicated. The RPPA experimental design included three time points, i.e. 1, 16 and 48 hours. 

Control samples, i.e. cells treated with drug vehicle only (DMSO), were included at each time point. 

The results are presented as drug-treated versus vehicle-treated cells (%) and are individual values 

from four replicates showing <5% deviation. 

 

 

  



A 

                 24h                          48h 

 

 

B 

 

 

 

 

 

 



C

70.5

79.8

99.5

52.8

68.4

84.4

68.1

71.9

61.3

68.8

81.8

43.4

57.7

84.1

66.3

48.2

52.1

61.6

51.3

35.3

49.6

83.2

62.8

34.0

0.5 1 4

HL60

Kasumi-1

MOLM-13

MV4-11

NOMO-1

OCI-AML3

THP1

U937

PF-04691502 (μM)

c
e
ll
 l
in

e

%
 c

e
ll
 v

ia
b

il
it

y
 n

o
rm

. 
to

 c
o

n
tr

o
l

0

20

40

60

80

100

80.2

50.9

61.3

39.2

48.6

73.3

47.2

95.5

67.1

41.4

55.5

23.7

42.1

67.7

48.6

73.1

49.0

32.1

12.9

14.4

37.0

62.0

42.0

34.5

0.5 1 4

HL60

Kasumi-1

MOLM-13

MV4-11

NOMO-1

OCI-AML3

THP1

U937

PF-04691502 (μM)

c
e
ll
 l
in

e

%
 c

e
ll
 v

ia
b

il
it

y
 n

o
rm

. 
to

 c
o

n
tr

o
l

0

20

40

60

80

100

 

Figure 1 

  



 

 

 

 

 

Figure 2  

-100,00

-50,00

0,00

50,00

100,00

150,00

200,00

250,00

1h 16h 48h 1h 16h 48h

%
 D

ru
g 

tr
ea

te
d

/D
M

SO

MOLM-13                                          MV4-11

Cl caspase 7

CAL101_4uM LY-3023414_500 nM PF-04691502_500 nM

-100,00

0,00

100,00

200,00

300,00

400,00

500,00

16h 48h 16h 48h

%
  D

ru
g 

tr
ea

te
d

/D
M

SO

MOLM-13                                                                     MV4-11

Cl PARP

CAL-101 4 µM LY-3023414  500 nM PF-04691502 500 nM



A

 

 

 

B 

 

 

 

 

 

-120,00

-100,00

-80,00

-60,00

-40,00

-20,00

0,00

20,00

40,00

60,00

 1h  16h  48h  1h  16h  48h

%
 D

ru
g 

tr
ea

te
d

/D
M

SO

MOLM-13                                                                 MV4-11

AKT S473

CAL-101_4 µM LY-3023414_500 nM PF-04691502_500 nM

-100,00

-80,00

-60,00

-40,00

-20,00

0,00

20,00

40,00

1h 16h 48h 1h 16h 48h

%
  D

ru
g 

tr
ea

te
d

/D
M

SO

MOLM-13                                                                     MV4-11

S6RP S240/244

CAL-101_4µM LY-3023414_500 nM LY-3023414_4 µM PF-04691502_500 nM PF-04691502_4 µM



C 

 

 

Figure 3 

  

-60,00

-50,00

-40,00

-30,00

-20,00

-10,00

0,00

10,00

20,00

30,00

40,00

 1h  16h  48h  1h  16h  48h

%
  D

ru
g 

tr
ea

te
d

/D
M

SO

MOLM-13                                     MV4-11

GSK3 S21/9

CAL-101_4 µM LY-3023414_500 nM PF-04691502_500 nM



A 

0

25

50

75

100

concentration (M)

C
e
ll
 v

ia
b

il
it

y

(%
 o

f 
c

o
n

tr
o

l)

 0.01 0.1 1 10 100 0

25

50

75

100

concentration (nM)

C
e
ll
 v

ia
b

il
it

y

(%
 o

f 
c

o
n

tr
o

l)

 0.001 0.01 0.1 1 10 100 

0

25

50

75

100

concentration (M)

C
e
ll
 v

ia
b

il
it

y

(%
 o

f 
c

o
n

tr
o

l)

 0.01 0.1 1 10 100 0

25

50

75

100

concentration (nM)

C
e
ll
 v

ia
b

il
it

y

(%
 o

f 
c

o
n

tr
o

l)

 0.001 0.01 0.1 1 10 100 

0

25

50

75

100

concentration (M)

C
e
ll
 v

ia
b

il
it

y

(%
 o

f 
c

o
n

tr
o

l)

 0.01 0.1 1 10 100
0

25

50

75

100

concentration (nM)

C
e
ll
 v

ia
b

il
it

y

(%
 o

f 
c

o
n

tr
o

l)

 0.001 0.01 0.1 1 10 100 

PF-04691502 quizartinib

24h

48h

72h

 

  



B 

 

0.
1%

 D
M

S
O

0.
1 
M

0.
5 
M

1 
M

0.
7 

nM

0

5

10

15

c
e
ll

 c
y
c

le
 r

a
ti

o
 G

1
 t

o
 (

S
+

G
2
M

)

PF-04691502 quizartinib
0.

1%
 D

M
S
O

0.
1 
M

0.
5 
M

1 
M

0.
7 

nM

0

5

10

15

c
e
ll

 c
y
c

le
 r

a
ti

o
 G

1
 t

o
 (

S
+

G
2
M

)

PF-04691502 quizartinib

0.
1%

 D
M

S
O

0.
05

 
M

0.
25

 
M

1 
M

0.
1 

nM

0.
5 

nM
1 

nM

0

5

10

15

c
e
ll

 c
y
c

le
 r

a
ti

o
 G

1
 t

o
 (

S
+

G
2
M

)

PF-04691502 quizartinib

**
****

0.
1%

 D
M

S
O

0.
05

 
M

0.
25

 
M

1 
M

0.
1 

nM

0.
5 

nM
1 

nM

0

5

10
15

20

25

c
e
ll

 c
y
c

le
 r

a
ti

o
 G

1
 t

o
 (

S
+

G
2
M

)

**

PF-04691502 quizartinib

0.
1%

 D
M

S
O

0.
05

 
M

0.
25

 
M

1 
M

0.
1 

nM

0.
5 

nM
1 

nM

0

5

10

15

c
e
ll

 c
y
c

le
 r

a
ti

o
 G

1
 t

o
 (

S
+

G
2
M

)

PF-04691502 quizartinib

0.
1%

 D
M

S
O

0.
05

 
M

0.
25

 
M

1 
M

0.
1 

nM

0.
5 

nM
1 

nM

0

5

10

15

c
e
ll

 c
y
c

le
 r

a
ti

o
 G

1
 t

o
 (

S
+

G
2
M

)

*

PF-04691502 quizartinib

THP-1

MOLM-13

MV4-11

24h 48h

 

 

  



 C 

0.
1%

 D
M

S
O

0.
1 

µM

0.
5 

µM
1 

µM

0.
7 

nM

0

25

50

75

100

%
 a

p
o

p
to

ti
c

 c
e
ll
s

PF-04691502 quizartinib
0.

1%
 D

M
S
O

0.
1 

µM

0.
5 

µM
1 

µM

0.
7 

nM

0

25

50

75

100

%
 a

p
o

p
to

ti
c

 c
e
ll
s

PF-04691502 quizartinib

0.
1%

 D
M

S
O

0.
05

 µ
M

0.
25

 µ
M

1 
µM

0.
1 

nM

0.
5 

nM
1 

nM

0

25

50

75

100

%
 a

p
o

p
to

ti
c

 c
e
ll
s

PF-04691502 quizartinib

*

0.
1%

 D
M

S
O

0.
05

 µ
M

0.
25

 µ
M

1 
µM

0.
1 

nM

0.
5 

nM
1 

nM

0

25

50

75

100
%

 a
p

o
p

to
ti

c
 c

e
ll
s

PF-04691502 quizartinib

**

0.
1%

 D
M

S
O

0.
05

 µ
M

0.
25

 µ
M

1 
µM

0.
1 

nM

0.
5 

nM
1 

nM

0

25

50

75

100

%
 a

p
o

p
to

ti
c

 c
e
ll
s

PF-04691502 quizartinib

0.
1%

 D
M

S
O

0.
05

 µ
M

0.
25

 µ
M

1 
µM

0.
1 

nM

0.
5 

nM
1 

nM

0

25

50

75

100

%
 a

p
o

p
to

ti
c

 c
e
ll
s

PF-04691502 quizartinib

**
*

THP-1

MOLM-13

MV4-11

24h 48h

 

 

Figure 4.  
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Cell line Compound 24h 48h 72h 

THP-1 PF-04691502 2252.6 508.3 497.8 

 
quizartinib not reached* not reached* not reached* 

MOLM-13 PF-04691502 304.8 160.9 111.1 

 
quizartinib 0.7 0.7 0.8 

MV4-11 PF- 04691502 233.9 195.4 206.8 

 
quizartinib 0.6 0.6 0.7 

 

Table 1S.  
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