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EKLER: 

Doktora Tezi (Özet): 

Novel PI3K and mTOR selective inhibitors to deconvolute PI3K signaling 

Phosphoinositide 3-kinase (PI3K) signaling has key roles in the regulation of cellular 

processes such as cell growth, proliferation, and metabolism. Constitutive activation of 

PI3K in tumors is frequent and drives cancer progression. Considering the contribution of 

aberrant PI3K signaling in cancer progression, pharmacological intervention strategies to 

inhibit PI3K-driven malformations have been broadly explored as a therapeutic target, 

but many pan-PI3K inhibitors displayed a low response rate in clinical trials mainly due to 

on target metabolic side effects. Acute pan-PI3K inhibition triggers a rapid increase in 

blood glucose and insulin level since PI3K and PI3K isoforms have redundant roles in 

insulin signaling in the hepatocyte, and acute inhibition of the both isoforms impairs 

glucose homeostasis. Given that, isoformselective PI3K inhibition may alleviate 

hyperglycemia and hyperinsulinemia. However, the selectivity of the claimed PI3K-

specific drugs is currently limited at their physiologically effective concentrations.  

 

Herein, this project aimed to develop a rational drug design approach to increase target 

selectivity of a pan-PI3K inhibitory scaffold, PQR514, by its covalent attachment to an 

isoform-specific non-conserved nucleophilic amino acid side chain, Cys862 in PI3K. 

PQR514 reversible scaffold was derivatized to attach an electrophilic moiety (warhead) 

after adjusted improvements in warhead stability and warhead intrinsic chemical 

reactivity. The warhead proximity and its orientation to the covalent anchor site were 

optimized through our “active volume scanning” strategy to promote isoform-selective 

covalent attachment on the target site.  

 

In order to validate the target using the active volume scanning strategy, a highly 

reactive warhead was utilized to scan the dynamic protein space and generate "reactive 

hits" in terms of successful covalent labeling of the target. If a covalent bond was formed 

between the warhead and the targeted amino acid side chain in the target protein of 

interest, further modifications were carried out using the steric modifications to optimize 

warhead proximity and the nucleophilic attack vector in order to maximize covalent bond 

formation efficiency. Accordingly, the highly reactive warhead was exchanged with a 

moderately reactive, drug like warhead in order to minimize unwanted side reactions and 

promote its metabolic stability. Our novel covalent inhibitors already containing drug-like 

warheads were metabolically stable and outperformed CNX1351, the only reported 

PI3K-selective covalent inhibitor, in terms of biochemical and cellular potency, 

physicochemical properties, and metabolic stability. Concerning “drug-likeness” of the 

currently available PI3K covalent inhibitors, the only covalent PI3K inhibitor in clinical 

trials was a pan-PI3K covalent inhibitor, PX866, which had been tested in clinical trials 

for 15 years but failed due to poor clinical outcome. Its labile wortmannin core and 

unstable Schiff-base forming warhead with the targeted amino acid side chains were not 

optimal for in vivo efficacy. Although there are many reversible class I PI3K inhibitors 

that have been already tested in the clinics, the isoform-selective covalent inhibition 

strategy is not thoroughly exploited in order to improve the isoform-selectivity profile of 

the currently available reversible PI3K inhibitors. Therefore, there is a need to develop 

isoform selective, highly potent, and metabolically stable drug-like covalent PI3K 

inhibitors not only to treat PI3K-driven malignancies but also to deconvolute class I 

PI3K signaling activities in cells in order to unravel redundant and non-redundant 

functions of PI3K isoforms. 

 

Our covalent inhibition strategy based on a covalent PI3K/non-covalent (reversible) 

pan-PI3K inhibition approach could allow novel scenarios to reversibly target class I 

PI3Ks (PI3K, PI3K, PI3K), while only PI3K isoform is irreversibly inhibited for a 

prolonged period of time. Even tumors with loss of PTEN can be transiently targeted, 

while PI3K inactivation will persist for a prolonged period of time after systemic 



elimination of the drug. This mode of action is more suitable for intermittent dosing 

suggested by a clinical trial with PQR309 (Bimiralisib). In intermittent treatment regimen, 

PQR309 maintained the suppression of tumor growth with lessened on-target metabolic 

side effects in rodents and patients [NCT02249429, NCT03740100]. Therefore, a 

covalent inhibition strategy may introduce an improved therapeutic window. 

 

Through a structure-activity relationship (SAR) study, highly potent, metabolically stable, 

and drug-like PI3K-selective covalent inhibitors were developed as a tool to fine-tune 

pharmacology in PI3K inhibitor cancer therapy. Optimization of linker length and warhead 

proximity toward the nucleophilic Cys862 side chain in PI3K promoted increased 

covalent bond formation efficiency up to a two-order of magnitude without modifying the 

electrophilicity (or intrinsic reactivity) of warheads. Rigorous cellular characterizations 

pinpointed low nanomolar potency in inhibition of PI3K downstream activity in cancer 

cells and prolonged inhibitory activity after drug washout. Moreover, Nano 

Bioluminescence Resonance Energy Transfer (NanoBRET) experiments exploiting PI3K 

Cys862Ser genetic point mutation confirmed the involvement of Cys862 in drug action in 

intact HEK293 cells. In agreement with this, X-ray crystal structures of PI3K in complex 

with our novel covalent inhibitors validated the covalent modification of Cys862 in PI3K. 

Our lead compounds outperformed the rapidly metabolized CNX1351, which is the only 

reported PI3K irreversible inhibitor. Moreover, our inhibitors exhibited excellent cellular 

activity with a superior physicochemical profile compared to CNX1351. Our results 

represent a step towards an increased local and temporal control of 10 PI3K inhibition, 

and our rational covalent inhibitor design strategy paves the way to a more efficient 

targeting of a broader panel of cysteines in the human kinome.    

 

In addition to the development of novel PI3K targeting pharmacological probes, a dual 

pan PI3K/mTOR-selective inhibitor (PQR530) and an mTOR-selective inhibitor (PQR626) 

were developed to deconvolute PI3K and mTOR signaling and to evaluate novel 

treatment modalities against epileptic seizures occurring due to loss of tuberous sclerosis 

complex (TSC) function. TSC2 (tuberin) together with its binding partner TSC1 

(hamartin) have key functions to integrate multiple inputs from PI3K, ERK, Wnt, and 

energy signals through the attenuation of mTORC1 activity. Given that, TSC1 and TSC2 

function as tumor suppressors, and genetic mutations disrupting TSC function cause a 

malformation called tuberous sclerosis complex (TSC) disease, which is manifested by 

the formation of cysts and benign tumors in vital organs such as brain and kidney. 

Targeting mTOR in the treatment of epileptic seizures using blood-brain barrier (BBB) 

permeable, orally bioavailable, and mTOR-selective drug-like small molecule inhibitor, 

PQR626, reduced the loss of TSC1- caused mortality in a TSC1GFAPCKO mouse model 

and did not induce metabolic side effects including hyperglycemia and hyperinsulinemia. 

mTOR-selective/PI3K-sparing inhibition strategy with PQR626 introduced certain 

advantages over dual mTOR/pan-PI3K inhibition strategy with PQR530 in order to 

circumvent on target metabolic side effects of pan-PI3K inhibition. 

 

Yüksek Lisans Tez (Özet): 

Recent progress in nanomaterials for gene delivery applications 

Nanotechnology-based gene delivery is the division of nanomedicine concerned with the 

synthesis, characterization, and functionalization of nanomaterials to be used in targeted-

gene delivery applications. Nanomaterial-based gene delivery systems hold great 

promise for curing fatal inherited and acquired diseases, including neurological disorders, 

cancer, cardiovascular diseases, and acquired immunodeficiency syndrome (AIDS). 

However, their use in clinical applications is still controversial. To date, the Food and 

Drug Administration (FDA) has not approved any gene delivery system because of the 

unknown long-term toxicity and the low gene transfection efficiency of nanomaterials in 

vivo. Compared to viral vectors, nonviral gene delivery vectors are characterized by a low 



preexisting immunogenicity, which is important for preventing a severe immune 

response. In addition, nonviral vectors provide higher loading capacity and ease of 

fabrication. For these reasons, this review article focuses on applications of nonviral gene 

delivery systems, including those based on lipids, polymers, graphene, and other 

inorganic nanoparticles, and discusses recent advances in nanomaterials for gene 

therapy. Methods of synthesizing these nanomaterials are briefly described from a 

materials science perspective. Also, challenges, critical issues, and concerns about the in 

vivo applications of nanomaterial-based gene delivery systems are discussed. It should 

be noted that this article is not a comprehensive review of the literature. 


