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The BCL-2 Family in Tumorigenesis Inhibitors of the BCL-2 family

> Under extreme stress, such as oxidative stress or when DNA has been damaged, » Drug discovery focused on targeting the BCL-2 family of proteins Is rife
apoptosis occurs.! with examples of BH3 mimetics.

> The BCL-2 family of proteins main function is determining if a cell undergoes » Some examples are venetoclax, ABT-263, AZD5991, and TW-37. These

apoptosis. The family is divided into pro-apoptotic proteins (PUMA, NOXA, BIM, and Inhibrt B_CL'Zl’QECL'Z / BCL-xL, MCL-1, and BCL-2 / MCL-1
BAK) and anti-apoptotic proteins (Bcl-2, Bcl-xL, Mcl-1, and BFL-1).} respectively.-

. . . L . . » The mechanism for most inhibitors involves non-covalent interactions with
» These proteins interact via a protein-protein interaction between the hydrophobic

. . . . A 134
binding groove found on the surface of anti-apoptotic proteins and the BH3 domain of the respective ant_l apoptotic proteln(s) hydrc_)p_h_ob I bmdm_g groove.

. . . . . - » Unfortunately, projects focused on direct inhibition of certain proteins have
pro-apoptotic proteins, which reorganizes to an a-helical structure upon binding.!

N _ _ _ encountered issues at the clinical stage. Namely, thrombocytopenia and
» Under normal conditions, these proteins sequester one another preventing apoptosis.

_ _ _ cardiotoxicity develop in patients given direct inhibitors for BCL-xL and
However, when the cell is under stress, BH3 activators are released freeing the pro- MCL-1 respectfully.12

apoptotic proteins and ultimately apoptosis occurs.* > This confirms that the BCL-2 BH3 binding surface grooves are druggable

» A common mechanism of tumorigenesis involves the upregulation of anti-apoptotic targets. However, a selective inhibitor for BFL-1 must be developed to
proteins to capture BH3 activators before they can free the pro-apoptotic proteins. avoid the previously mentioned issues.

From this, apoptosis is unable to occur, and cancer cells continue to grow.! NO |, \/@ 0.8 cF,

» Previous attempts to target anti-apoptotic proteins have yielded promising inhibitors. " @ \?
Most notably, venetoclax is an FDA approved small molecule selective for BCL-2. o5
N AZD5991 (Mcl-1 inhibitor)

» BFL-1 is an anti-apoptotic protein which is overexpressed in leukemias, lymphomas,
and melanomas. Additionally, in leukemias, BFL-1 has been linked to venetoclax
resistance.?

Inhibitors of BFL-1

» The biggest challenge of selectively targeting BCL-2 anti-apoptotic
proteins comes from the fact that all BH3 binding grooves are similar to
one another. Fortunately, small differences can be exploited to create a
selective inhibitor for BFL-1.

» Recent studies have employed stapled peptides and high throughput

screening to target BFL-1 and from this, key residues within the binding
groove have been highlighted.2>6:7

» Specifically, Arg88 as well as the unique residues Glu78 and Cys55 can

be exploited in creating a novel covalent small molecule inhibitor to
selectively target BFL-1.2>67
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Unfortunately, cancer cells can upregulate different anti-apoptotic proteins causing
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chemoresistance to these drugs.*!
From left to right: crystal structure of PUMA binding to BFL-1, crystal structure of a
Venetoclax (Bcl-2 inhibitor) ABT-263 (Bcl-2 / Bcl-xL inhibitor) TW-37 (Bcl-2 / Mcl-1 inhibitor)

stapled peptide with an electrophilic warhead binding to BFL-1 which was
reproduced from reference 5, and docking image of small molecule 4E14.

» Currently, there are no FDA approved therapeutics that inhibit BFL-1.

Design rationale “Future Work”

» Here, we describe our strategy to target BFL-1 selectively using irreversible and reversible >
covalent a-helix mimetics.

Site Identification by Ligand
Competitive Saturation (SILCS)

» At the beginning of our design process, we collaborated with the MacKerell » Multiple small molecules have been made to mimic BH3 a-helix structures. These BH3
lab to run molecular modeling simulations on the BH3 binding groove of mimetics have incorporated various scaffolds including:
BFL-1. The specific technique used was Site Identification by Ligand NH, g

Competitive Saturation (SILCS) modeling. § E

All compounds will be evaluated in a fluorescence polarization competition
assay for their abllity to inhibit BFL-1.

» Compounds will also be tested in A375P and 293T cells to elucidate how
effective they are at inhibiting cell growth and selectivity binding BFL-1 and
Cysb55h.

» In addition, mass spectrometry will be used to further test our compound's
ability to selectively bind BFL-1 and Cysb5.

» Molecular modeling is being utilized to drive compound design, and we will
continue using this tool in conjunction with the binding data in an iterative
h fashion in order to optimize our compounds.

» The SILCS workflow begins by utilizing the crystal structure of a protein (in
our case BFL-1) and immersing it in an in silico aqueous environment.
Next, organic solutes of various chemical classes are introduced and
compete with the “water” to bind to the protein.®

» The result from this simulation is a “FragMaps” of the protein, which is a 3D

ot : : : : : CO-H
probability map that shows how likely certain chemical classes will bind to BH3 protein o References
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Fragl\/laps of the BFL-1 bmdmg groove overlaid with key residues of PUMA
BH3 protein. Apolar (green), hydrogen bonding acceptor (red), positively
charged (cyan) and negatively charged (orange).
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