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The drug discovery pipeline

Preclinical Clinical

Discovery development trials

> 5000 compounds ‘

How do we screen through so many compounds?



Origin of HTS

Natural products screening

Streptomycete

-source of a large number of natural products

! Pfizer Nagoya, Japan Recombinant plasmid  Transformed bacteria  Novel natural products
1984

Pereira, D. A., Willilams, J. A., Br. J. Pharmacol. 2007, 152



Origin of HTS

Natural products screening
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. Bioactive secondary metabolite in
100,000 DNA library fermentation broth
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Maximum capacity: 200 samples per week

Problem: manual fermentation process will take too long to
screen for their DNA library

Pereira, D. A., Willilams, J. A., Br. J. Pharmacol. 2007, 152



Origin of HTS

Natural products screening

Advantages

Accessing 96 samples simultaneously

SE= . Compatible with multichannel pipettes

: ey Increasing capacity by reducing
EY/ Incubation space

10 mL fermentation tube 96 well plate

Pereira, D. A., Willilams, J. A., Br. J. Pharmacol. 2007, 152



Origin of HTS

Natural products screening

Started the automation project in 1984 and fully
implemented in 1990 in the Nagoya site

200 samples / week 10,000 samples / week

Can we adapt it to screen synthetic compounds?

Pereira, D. A., Willilams, J. A., Br. J. Pharmacol. 2007, 152



Origin of HTS

Screening synthetic compounds

Natural products screening Synthetic compounds screening

> >
Compounds in Compounds stored . Dissolve in
fermentation broth as solids Weigh out 5-10 mg solvent cocktail

Accessing compounds in solution would be the rate-limiting step

Pereira, D. A., Willilams, J. A., Br. J. Pharmacol. 2007, 152



Origin of HTS

Screening synthetic compounds

Natural products screening Synthetic compounds screening

> >
Compounds in Compounds stored . Dissolve in
fermentation broth as solids Weigh out 5-10 mg solvent cocktail

- variable concentrations

Exact compound concentrations don’t matter, as long as
they pass the minimum threshold

Pereira, D. A., Willilams, J. A., Br. J. Pharmacol. 2007, 152



Origin of HTS

Screening synthetic compounds

Solution: flicking

—)

Weigh out 5-10 mg Dispenses ~1 mg, with 5x variation

B e r~

Compounds stored
as solids

Pereira, D. A., Willilams, J. A., Br. J. Pharmacol. 2007, 152



Origin of HTS

Screening synthetic compounds - example

~
-/
—

00000000

/I ® T m W) @) w >

00000000

0000000 0-

00000000-
000000006
Q000000 0-
000000006-
0000000 0-

0000000606
00000000:-
00000000
000000 00:-

/

Hits: active at 1 uM

Target concentration: 30 uM

Reality: varies from 6-150 uM

Exceed target concentration v/

Nowadays weighing is much more accurate with automation

Pereira, D. A., Willilams, J. A., Br. J. Pharmacol. 2007, 152



Origin of HTS
Screening synthetic compounds - example
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Target concentration: 30 uM

Reality: varies from 6-150 uM
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Exceed target concentration </

O Hits: active at 1 uM

The problem of weighing is solved, but what about dissolving the compounds?

Pereira, D. A., Willilams, J. A., Br. J. Pharmacol. 2007, 152



Screening synthetic compounds - solvent consideration

Solvents used in
the past

DMSO
DMF
Methanol
Ethanol

Mixtures with detergents

Origin of HTS

O
g DMSO
Me”  ~Me
Compatible with cell Compatible with Good solubility for
based assays biochemical assays most compounds

o

Up to 0.1% DMSQO 1-5% DMSO

HTS concept was successfully implemented

Pereira, D. A., Willilams, J. A., Br. J. Pharmacol. 2007, 152

>30 mM solution for
95% compound



Origin of HTS

Early evolution of HTS
Centralized screening
Reporter genes
Natural product Multiplex assays with RT-gPCR
screening automation /2,000 compounds / week
1986
@ @ @
1984 Therapeutic Target HTS 1989
HTS concept

96 well plates, 50-100 UL assays
Manual pattern recognition and autoradiography
800-1,440 compounds / week

Pereira, D. A., Willilams, J. A., Br. J. Pharmacol. 2007, 152



Origin of HTS

Early evolution of HTS
Centralized screening _
Reporter genes PreCandidate Technology Group
Multiplex assays with RT-qPCR 90 compounds / week
72,000 compounds / week High throughput HPLC
1995 2000
@ @ @ @
1989 1996 ADMET HTS
ADMET HTS concept 360 compounds / week

P450, serum stabillity, cytotoxicity,
cell permeabillity, etc.

Pereira, D. A., Willilams, J. A., Br. J. Pharmacol. 2007, 152



HTS strategies in drug discovery

—{— Murine
U ~L.. = Human

Small molecule drugs RNA based therapies Antibody based therapies



HTS strategies in drug discovery

Small molecule drugs



HTS in small molecule drug discovery
Compound library types



Probability

HTS in small molecule drug discovery
Compound library types

3D Shape Diversity Pharmacophore Diversity
Diversity screening library

Key metrics: dissimilarity between molecules

e.g. Tanimoto Coefficient, unique chemical scaffolds

e Compound fragment library
- 2 matches
AT Used in fragment based drug discovery (FBDD)
*- 5 matches
TS Low molecular weight ligands (<300 Da)
[ __ R v Usually used for in vitro assays
I - c) - - a " - " & 10 matches

11 matches
3 4 5 6 7 8 9 10 11 12

Complexity of Ligand

Some drug discovery campaigns would use a more focused library

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)



HTS in small molecule drug discovery
Compound library types

Clinical candidate library

Drug repurposing library —I:
Approved drug library

Terpenoids library
Natural product library
Flavonoids library

Peptide library
Structure focused library

Focused library

Cysteine reactive warhead library

Cell death library
Function focused library

Selective inhibitors library

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)




HTS in small molecule drug discovery

Screening methods
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HTS in small molecule drug discovery

Requirements:
Biologically relevant
Sensitive
Robust

Economic

200 400 600 800
m/z

Spectroscopic assays

1000

Screening methods
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Cell based assays



HTS in small molecule drug discovery

Screening methods
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Biochemical assays Spectroscopic assays Cell based assays

The choice of HTS assay is important because each compound is typically
only assayed once in a primary screen



HTS in small molecule drug discovery

Cancer-relevant HTS assays reported in the PubChem database

Fluorescence

Fluorescence Polarization

AlphaScreen

Time-resolved Forster Resonance Energy Transfer
Luminescence

Forster Resonance Energy Transfer
Absorbance

Flow Cytometry

Nuclear Magnetic Resonance
Colorimetric

Electrophoretic Mobility Shift Assay
Luciferase Reporter Gene

Luminescence

Fluorescence

Forster Resonance Energy Transfer

Flow Cytometry

AlphaScreen

Time-resolved Forster Resonance Energy Transfer
Imaging

B-lactamase Reporter Gene

Absorbance

Bimolecular Luciferase Complementation
Green Fluorescent Protein Reporter Gene
In Cell Western

Mass Spectrometry

Phenotypic

Quantitative PCR
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Biochemical and spectroscopic

Cell based

295 assays as of 2017

Coussens, N. P, Braisted, J. C., Peryea, T., et al. Pharmacol Rev. 2017, 69



HTS in small molecule drug discovery

Screening methods
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HTS in small molecule drug discovery

Screening methods - biochemical assays

Fluorescent intensity assay (FLINT)

Deubiquitinating enzyme "
e

0 O Fluorescent N
signal

Quenched @ 7-Amino-4-methylcoumarin (AMC)

fluorophore o
445 nm emission

Qn
@—O +inhibitor

No fluorescence

Morgan, M. T, Wolberger, C., Methods Mol Biol.. 2018, 1844



HTS in small molecule drug discovery

Screening methods - biochemical assays

Predicted emission wavelength of organic molecules

3500 T
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§ 7-Amino-4-methylcoumarin (AMC)

500 +
445 nm emission
._=n+ﬂ. ﬂﬂ e o

0

25 75 125 175 225 275 325 375 425 475 525 575 625 675 725 775 825 875 925
Wavelength (nm)

11,460 organic molecules from Reaxy database

Autofluorescent of testing molecules can be a problem
One solution is to measure the test compounds before adding detection reagents

Ye, Z. T, Huang, |., Chan, Y., et al. RSC Advances.. 2020, 10(40)



HTS in small molecule drug discovery

Screening methods - biochemical assays

Fluorescence anisotropy/polarization (FA/FP)

Low affinity molecule

WOONNN. (@)
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—» Depolarized emission light

High affinity molecule

09@ — —» Polarized emission light
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Measuring fluorescent polarization is less sensitive to interference

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)



HTS in small molecule drug discovery

Screening methods - biochemical assays

Fluorescent resonance energy transfer (FRET)
Donor

CFP

Ex. Em. Ex. Em. Spectral overlap

Fluorescence intensity

400 500 500 No FRET: 485 nm emission
Wavelength [nm)]

Similar to FLINT, FRET is sensitive to background signal

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)



HTS in small molecule drug discovery

Screening methods - biochemical assays

Time-resolved fluorescent resonance energy transfer (TR-FRET)
TR-FRET emission

665 nm Eu emission g g é
615 nm
15\ FRET No FRET
/\ | °
@ X
“; 1

No ligand displacement With ligand displacement

Redshifted FRET emission reduces interference

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
TR-FRET, BMG Labtech. 2024



HTS in small molecule drug discovery

Screening methods - biochemical assays

Time-resolved fluorescent resonance energy transfer (TR-FRET)

g

Donor Acceptor ®
Terbium Fluorescein, GFP

Europium AlexaFluor 647

Lanthanide complexes has fluorescent lifetimes of 100 us to ms, much
longer than the ps range of organic library molecules

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
TR-FRET, BMG Labtech. 2024



HTS in small molecule drug discovery

Screening methods - biochemical assays

Time-resolved fluorescent resonance energy transfer (TR-FRET)

g

Donor Acceptor ®
Terbium Fluorescein, GFP

Europium AlexaFluor 647

Time-gated and red-shifted FRET to reduce interference

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
TR-FRET, BMG Labtech. 2024



HTS in small molecule drug discovery

Screening methods - biochemical assays
Amplified Luminescent Proximity Homogeneous Assay (AlphaScreen)

Donor bead Acceptor bead

N Me
T = N
N  HN ‘ Me
\ h O O [S |
NH — N=
& % e

Phthalocyanine Thioxene
(Photosensitizor)

Eglen, R. M., Reisine, T., Roby, P, et al. Curr Chem Genomics. 2008, 1
AlphalLISA and ALPHAScreen, Revvity, 2024



HTS in small molecule drug discovery

Screening methods - biochemical assays
Amplified Luminescent Proximity Homogeneous Assay (AlphaScreen)

Donor bead Acceptor bead
680 nm excitation

10>
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Phthalocyanine Thioxene
(Photosensitizor)

Eglen, R. M., Reisine, T., Roby, P, et al. Curr Chem Genomics. 2008, 1
AlphalLISA and ALPHAScreen, Revvity, 2024



HTS in small molecule drug discovery

Screening methods - biochemical assays
Amplified Luminescent Proximity Homogeneous Assay (AlphaScreen)

Donor bead o Acceptor bead
680 nm excitation

Energy transfer

X
N N
/ N \ O e |
N N S
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e o &
[

Phthalocyanine Thioxene Anthracene
(Photosensitizor)

Eglen, R. M., Reisine, T., Roby, P, et al. Curr Chem Genomics. 2008, 1
AlphalLISA and ALPHAScreen, Revvity, 2024



HTS in small molecule drug discovery

Screening methods - biochemical assays
Amplified Luminescent Proximity Homogeneous Assay (AlphaScreen)

Donor bead o Acceptor bead
680 nm excitation

450-500 nm
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Phthalocyanine X

(Photosensitizor) Thioxene Anthracene Rubrene

Eglen, R. M., Reisine, T., Roby, P, et al. Curr Chem Genomics. 2008, 1
AlphalLISA and ALPHAScreen, Revvity, 2024



HTS in small molecule drug discovery

Screening methods - biochemical assays

Amplified Luminescent Proximity Homogeneous Assay (AlphaScreen)
Emission at

Donor bead Acceptor bead 520-620 nm
680 nm excitation % ; %

Sroy S S v le
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Phthalocyanine X

(Photosensitizor) Thioxene Anthracene Rubrene

Eglen, R. M., Reisine, T., Roby, P, et al. Curr Chem Genomics. 2008, 1
AlphalLISA and ALPHAScreen, Revvity, 2024



HTS in small molecule drug discovery

Screening methods - biochemical assays

Amplified Luminescent Proximity Homogeneous Assay (AlphaScreen)
Emission at

Donor bead Acceptor bead 520-620 nm
680 nm excitation § g %

%Yp @ @ - l‘/ 0%
&

N o0 CoCe

/ NH N=—= [O |
= N/
;2 g:/ |

Beads can be conjugated with peptides, proteins, or tracer ligands for assays
AlphaLISA available as a faster alternative to ELISA

O

Eglen, R. M., Reisine, T., Roby, P, et al. Curr Chem Genomics. 2008, 1
AlphalLISA and ALPHAScreen, Revvity, 2024



HTS in small molecule drug discovery

Screening methods
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HTS in small molecule drug discovery

Screening methods - spectroscopic assays

Plate-based methods

NMR Mass Spectrometry
(e.g. SPR)



HTS in small molecule drug discovery

Screening methods - spectroscopic assays

Plate-based methods

NMR Mass Spectrometry
(e.g. SPR)

More compatible with fragment based drug design

Less prone to artifacts but usually less high throughput



HTS in small molecule drug discovery

Screening methods - spectroscopic assays

Ligand detected NMR

Free | l IU |
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Il 1y

- |
Bound LAl '\)U‘ - .L_,/'q'\,w«:" |'.vd \ |

3.0 2.0 1.0 0.0
Chemical Shift (ppm)

Broadening of peaks and decreases in intensity

Shortridge, M. D., Powers, R., Adv. Biomed. Res. 2011, 3



HTS in small molecule drug discovery

Screening methods - spectroscopic assays

Ligand detected NMR
A
A \(*
TH NMR m\l }1 | //'6 ety | s \U
X NIV W AV
Free | |
_)r"\‘,Ul l\...AJﬂ A ) J'ﬂL_._.J l'L.....,_z'l L J____. B
I I | l i | .l
| .
Bound .t L | STD NMR EEEE—
3,0 2,0 170 010 75 70 65 60 55 50 45 40 35 a0 25 20

Chemical Shift (ppm) "H Chemical Shift (ppm)

Mixture of serum albumin,, 6-CHs-Trp, and 7-CHs-Trp

Only peaks of bound ligand are found in

Broadening of peaks and decreases in intensity saturation transfer difference (STD) NMR

Shortridge, M. D., Powers, R., Adv. Biomed. Res. 2011, 3
Viegas, A., Manso, J., Nobrega, F. L., J. Chem. Edu. 2011, 88(7)



HTS in small molecule drug discovery

Screening methods - spectroscopic assays

Ligand detected NMR

A 6-CHy-Trp 7-CHy-Trp

'"HNMR R ﬁ /

STD NMR

75 70 65 60 55 50 a5 40 a5 30 25 20

'H Chemical Shift (ppm)  Mixture of serum albumin,, 6-CHs-Trp, and 7-CHs-Tip

Only 6-CHs-Trp peaks were found in STD NMR

Shortridge, M. D., Powers, R., Adv. Biomed. Res. 2011, 3
Viegas, A., Manso, J., Nobrega, F. L., J. Chem. Edu. 2011, 88(7)



HTS in small molecule drug discovery

Screening methods - spectroscopic assays

Ligand detected NMR
A
A e
HNMR | Y s " J
5.\ NV, WY U
U a
Free | J L ;
| L] ™" |
Bound .t L STD NMR e —
> Chzé?nical Shift &;)pm) > "H Chemical Shift (ppm)

Ligands bounded to protein exhibit negative Nuclear Overhauser
Effect and longer molecular correlation times (tc)

Shortridge, M. D., Powers, R., Adv. Biomed. Res. 2011, 3
Viegas, A., Manso, J., Nobrega, F. L., J. Chem. Edu. 2011, 88(7)



HTS in small molecule drug discovery

Screening methods - spectroscopic assays

Ligand detected NMR
A
A e
HNMR | Y s " J
5.\ NV, WY U
U a
Free | J L ;
| L] ™" |
Bound .t L STD NMR e —
> Chzé?nical Shift &;)pm) > "H Chemical Shift (ppm)

No isotope labeling needed

Short experiment time and easy result interpretation

Shortridge, M. D., Powers, R., Adv. Biomed. Res. 2011, 3
Viegas, A., Manso, J., Nobrega, F. L., J. Chem. Edu. 2011, 88(7)



HTS in small molecule drug discovery

Screening methods - spectroscopic assays

Protein detected NMR
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1H-15N HSQC is commonly used to examine

protein backbone environment

Xie, J., Thapa, R., Reverdatto, S., J. Med. Chem. 2009, 52 (11)



HTS in small molecule drug discovery

Screening methods - spectroscopic assays

Protein detected NMR
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Formation of high affinity ternary complex

15N labeled FKBP and unlabeled FRB in E. coli

Xie, J., Thapa, R., Reverdatto, S., J. Med. Chem. 2009, 52 (11)



HTS in small molecule drug discovery

Screening methods - spectroscopic assays

No rapamycin

Protein detected NMR
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Formation of high affinity ternary complex

15N labeled FKBP and unlabeled FRB in E. coli

Xie, J., Thapa, R., Reverdatto, S., J. Med. Chem. 2009, 52 (11)



HTS in small molecule drug discovery

Screening methods - spectroscopic assays

No rapamycin
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Protein detected NMR

With rapamycin
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Formation of high affinity ternary complex

1SN labeled FKBP and unlabeled FRB in E. coli

Xie, J., Thapa, R., Reverdatto, S., J. Med. Chem. 2009, 52 (11)



No rapamycin

HTS in small molecule drug discovery

Screening methods - spectroscopic assays
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Protein detected NMR

With rapamycin
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Screening of 289
dipeptides

More laborious and less high throughput, but provide information on binding sites

Xie, J., Thapa, R., Reverdatto, S., J. Med. Chem. 2009, 52 (11)



HTS in small molecule drug discovery

Screening methods

Cell based assays



HTS in small molecule drug discovery

Screening methods - cell based assays

Bioluminescence

HO S N -COOH Luciferase X S N
>~ +ATP + 0O, - - j + PPi + AMP + CO, + light
N g Mg2+ N/ S

Luciferin Oxyluciferin

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
Luciferase Reporters, ThermoFisher, 2024



HTS in small molecule drug discovery

Screening methods - cell based assays

Bioluminescence

HO S N -COOH Luciferase X S N
>~ +ATP + 0O, - - j + PPi + AMP + CO, + light
N g M92+ N/ S

Luciferin Oxyluciferin

Cypridina Gaussia Green Renilla Red Firefly

Sensitive method

Can be multiplexed with different luciferase enzymes

Easy and quantitative readout

Relative Light Units (RLU), Normalized

—

L} l ' l 1 l L} I l 1
400 450 500 550 600 650 700

Wavelength (nm)

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
Luciferase Reporters, ThermoFisher, 2024



HTS in small molecule drug discovery

Screening methods - cell based assays

Cell viability assay

HO S N -COOH Luciferase X S N
>~ +ATP + O, - - j + PPi + AMP + CO, + light
N g |V|92+ N/ S

Luciferin Oxyluciferin

ATP can be used as a direct measurement of cell viability using Iuciferase

Fast phenotypic screening

Luciferases are also commonly used as reporters in cell

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
Luciferase Reporters, ThermoFisher, 2024
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Screening methods - cell based assays

Reporter genes

Promoter 7, Luciferase gene \V g, N Luciferase

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
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Screening methods - cell based assays

AV Potential drug

( ) \/ targets

Promoter 7, Luciferase gene \Vg, —}“

Reporter genes

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
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Screening methods - cell based assays

P Reporter genes
n

P *
R Potential drug
C:) ‘/ targets

Other common reporter genes are CAT (chloramphenicol acetyltransferase), GAL (3-
galactosidase), LAC (B-lactamase), and GFP

Reporter gene can be sensitive to indirect effects because of the long incubation time

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
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Screening methods - cell based assays

Secondary messenger assays

Particularly useful for transporter proteins

Common for screening with GPCR

Fluo-3

526 nm emission after chelating with Ca2+

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
Cell Based Secondary Messenger Assays, ThermoFisher, 2024



HTS in small molecule drug discovery

Screening methods - cell based assays

Secondary messenger assays

Particularly useful for transporter proteins

Common for screening with GPCR

Fluo-3

526 nm emission after chelating with Ca2+

Fast and direct measure of Ca2+ level

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
Cell Based Secondary Messenger Assays, ThermoFisher, 2024
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High content imaging

ll High Content Imager
. Stain and

O - Image V—
— o 9 - —
| -
L ’ - J
Cell plating Compound dispensing Image acquisition Multiplex imaging
(Illel | Prc?filef r From DNA binding dye:
cell Image analysls soO tware
Data processing — nuclear size, shape, intensity, texture

PhenoRipper

Current trend towards screening with video sequences and imaging of whole organism

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
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Screening methods - cell based assays

Choice of cell models
Mutations in HGSOV tumors and cell line models

1.0
® Tumours
® ® Cell lines
0.8 o
° e — SNU119
= “. ee —5 OVCAR4
£ 06-
: \ﬂ '-‘ — KURAMOCHI _
5 o5 GOV18 Commonly used cancer cell lines have more
5 0.4- ‘— ERPAELIO mutations than patient derived tumors
5 k— COV362
© e Hypermu_ta_fe_d Se_" lines
%% :o. ’ //// OC316 » ) B
024 & 2 8 . ) ’/ \\
o o - \ovkig, °FEFO%7 /
- *L *TOV21G  IGROVie,”
0.0 ° ® o P e
I I I —— T
0 5 10 15 20

Mutations per million bases

HGSOV: High-grade serous ovarian cancer

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
Domcke, S., Sinha, R., Levine, D. A., et al. Nat. Comm. 2013, 4
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Screening methods - cell based assays

Choice of cell models

Mutations in HGSOV tumors and cell line models

Fraction genome altered

1.0
® Tumours
. $ieol inae Trend towards more disease-like models
0.8 - -
. , ...'.._—f OVCAR4 Using primary/patient derived cells, 3D cell
- growth, and animal models
s' '-' — KURAMOCH!
COVS‘B Perfused cultures to study the long term effects
0.4 l— OVSAHO
| < “: COV3e2 Hypermu‘ta_te_d cell lines
.... :. . ® ///’, OC316. \\\\\ /contactsurface
02- 8,4 s . . / S |
o o . \ovkig, ° O ) )
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0.0— ° ’ ° o~ =~ = -7 Cell-to-scaffold
| | | e | contact surface
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contact surface

Mutations per million bases

HGSOV: High-grade serous ovarian cancer

Blay, V., Tolani, B., Ho, S. P, et al. Drug Discov. Today. 2020, 25(10)
Domcke, S., Sinha, R., Levine, D. A., et al. Nat. Comm. 2013, 4
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IDH in cancer

An essential enzyme in the TCA cycle
IDH1 and IDHZ2 form homodimers
Heterozygous point mutations are
prevalent in many cancers:
- /5% of brain cancers

- 20% acute myeloid leukemia

- also in colorectal, prostate cancer, eftc.

What does the mutation do in cancer cells?

Pirozzi, C. R., Yan, H. Nat. Rev. 2021, 18
Coussens, N. P, Braisted, J. C., Peryea, T., et al. Pharmacol Rev. 2017, 69



Isocitrate

HTS in small molecule drug discovery
Case Study: mutant IDH inhibitors

O< _OH 0O 0
Q O WT IDH
+ NADP* > 1O o4 + NADPH
HO OH

O
OH
[socitrate aKG
0 0 O O
WT IDH IDH R132 )
+ NADP* > HOJ\H/\)‘\OH +  NADPH > HO)‘\(\/U\OH + NADP
OH
O
aKG 2-hydroxyglutarate (2-HG)

2-HG has oncogenic roles and accumulates in IDH mutant cancer cells

Pirozzi, C. R., Yan, H. Nat. Rev. 2021, 18
Coussens, N. P, Braisted, J. C., Peryea, T., et al. Pharmacol Rev. 2017, 69
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O~ _OH 0O 0
Q Q WT IDH
+ NADP* > HO oH +  NADPH
HO OH

O
OH
Isocitrate aKG
o OxOM, O 0
WT IDH IDH R132 .
)}\IH‘\ + NADP” - Ho)‘\n/\)‘\OH + NADPH > + NADP
HO OH
O
OH
[socitrate aKG 2-hydroxyglutarate (2-HG)

Inhibiting mutant IDH would have few side effects and can potentially suppress tumor

Pirozzi, C. R., Yan, H. Nat. Rev. 2021, 18
Coussens, N. P, Braisted, J. C., Peryea, T., et al. Pharmacol Rev. 2017, 69
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Case Study: mutant IDH inhibitors - assay development

Recombinant mutant IDH1 homodimer

HO OH
OH

Isocitrate
0 0
o O)‘\"/\)‘\OH
O

aKG

+

+

Measuring NADPH level
0 0
WT IDH
NADP* >  HO OH + NADPH
O
aKG
O O
NADPH 192 HO)‘\(\)‘\OH +  NADP*
OH

2-hydroxyglutarate (2-HG)

Popovici-Muller, J., Saunders, J. O., Salituro, F. G., et al. ACS Med. Chem. Lett. 2012, 3
Davis, M., Shen, M., Simeonoy, A., et al. ADST. 2016, 14(3)
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Case Study: mutant IDH inhibitors - assay development

Recombinant mutant IDH1 homodimer Measuring NADPH level

NADPH absorbance and emission

100+

Fluorescence intensity
(relative units)

Problem: compound interference

Popovici-Muller, J., Saunders, J. O., Salituro, F. G., et al. ACS Med. Chem. Lett. 2012, 3
Davis, M., Shen, M., Simeonoy, A., et al. ADST. 2016, 14(3)
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Case Study: mutant IDH inhibitors - assay development

Recombinant mutant IDH1 homodimer Coupling dehydrogenases with diaphorase
CI)_
N | N
~ diaphorase ~
+ NADPH > +  NADP*
O o) o) O O o}
Resazurin Resorufin
o 120 = 120,
g 100 § g 1004 .,”0‘..
I 80 §§ 804 *
2 60 S = 604
-8 = - ’ ..'.
- 40 - O 404 TS,
@ DE o
S 20 N® 24 . T
@ R T
§ 0 £ ED: o;r‘_,.l,w_,_ws',__‘:;a-imu
z 20 350 400 450 S00 550 600 650 700 2 20 - 590 610 630 650 670 690
) Wavelength, nm i Wavelength, nm
«— Resazurin - Resorufin

Redshifting the fluorephore reporter

Popovici-Muller, J., Saunders, J. O., Salituro, F. G., et al. ACS Med. Chem. Lett. 2012, 3
Davis, M., Shen, M., Simeonoy, A., et al. ADST. 2016, 14(3)
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HTS in small molecule drug discovery

Case Study: mutant IDH inhibitors - assay development

6.0 -
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AG-5198 [AGI-5198]

(mg/kg)

But AG-5198 shows poor metabolic stability
(data not disclosed)

Popovici-Muller, J., Saunders, J. O., Salituro, F. G., et al. ACS Med. Chem. Lett. 2012, 3
Popovici-Muller, J., Lemieux, R. O., Artin, E., et al. ACS Med. Chem. Lett. 2018, 9



F
O
N
m
S O
HTS hit

HTS in small molecule drug discovery
Case Study: mutant IDH inhibitors

Lead optimization E E

AG-120

AG-5198 Ivosidenib

Popovici-Muller, J., Saunders, J. O., Salituro, F. G., et al. ACS Med. Chem. Lett. 2012, 3
Popovici-Muller, J., Lemieux, R. O., Artin, E., et al. ACS Med. Chem. Lett. 2018, 9
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Mutant IDH2 homodimer

HTS hit

IDHZ2: catalyzes the same reaction as IDH1 but
located in mitochondria

Yen, K., Travins, J., Wang, F., et al. Cancer Discov.. 2017, 7(5)

IDHZ2 Inhibitor
N CF,

| A

AN N~ |N

yZ N)%N T
H H
AG-221
Enasidenib
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Case Study: mutant IDH inhibitors

Problems with
existing inhibitors

CF
> Only specific to either IDH1 or IDH2

Isoform selective inhibitors may lead to
‘ X (P acquired resistance
© N \ CF Both approved for acute myeloid
= H H ° leukemia (AML)
N

Low brain drug exposure limits potential
efficacy for glioma

dQ
O
Q%_< ><
\Z_/

\_
V=
)

AG-120 AG-221
Ilvosidenib Enasidenib
Mutant IDH1 inhibitor Mutant IDHZ2 inhibitor

Are there dual IDH inhibitors that also penetrate the brain?

Konteatis, Z., Artin, E., Nicolay, B., et al. ACS Med. Chem. Lett. 2020, 11
Yen, K., Travins, J., Wanq, F., et al. Cancer Discov. 2017, 7(5)
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A CF3 N CF3

/N /N

)NO\ NZ IN NI X NZ IN Me
FC” N H)%N)\H/\CF:% NG NP N o

AG-221 Enasidenib AGI-12026
IDH1-WT/IDH-R132H ICs0 0.677 uM 0.020 uM
IDH2-R140Q ICso 0.009 uM 0.078 uM
Mean mouse brain-to-plasma ratio 0.14 2.5

Konteatis, Z., Artin, E., Nicolay, B., et al. ACS Med. Chem. Lett. 2020, 11
Yen, K., Travins, J., Wanq, F., et al. Cancer Discov. 2017, 7(5)
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X

N

CF3

)NO\ NZ IN NI X NZ IN Me
FC” N H)%N)\H/\CFS NG NP N o

AG-221 Enasidenib

IDH1-WT/IDH-R132H ICs0 0.677 uM
IDH2-R140Q ICsp 0.009 uM
Mean mouse brain-to-plasma ratio 0.14

Several triazine compounds showed some inhibition for
both IDH1 and IDHZ2 and good brain-to-plasma ratio

AGI-12026

0.020 uM
0.0/78 uM

2.5

» Screened through all triazine compounds

Konteatis, Z., Artin, E., Nicolay, B., et al. ACS Med. Chem. Lett. 2020, 11
Yen, K., Travins, J., Wanq, F., et al. Cancer Discov. 2017, 7(5)
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/N CFS ‘ /N /N
NT X NZ N N7 XX NP >N Me Me N2 °N  Me
I I | | AL
AARNA A~ AN AN RNAS
H H H H
AG-221 Enasidenib AGI-12026 HTS hit: AGI-15056
IDH1-WT/IDH-R132H ICs0 0.677 uM 0.020 uM 0.006 uM
IDH2-R140Q ICso 0.009 uM 0.078 uM 0.048 uM
Mean mouse brain-to-plasma ratio 0.4 2.5 1.5

Konteatis, Z., Artin, E., Nicolay, B., et al. ACS Med. Chem. Lett. 2020, 11
Yen, K., Travins, J., Wanq, F., et al. Cancer Discov. 2017, 7(5)
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O ‘ - CFs ~C
‘ _ N N ‘ ~ N
NT NZ N Me N2 °N  Me CF, NZ >N  CF,
| | P Y
PSS e N P G W
H H H H
AG-221 Enasidenib HTS hit: AGI-15056 Lead optimization: AG-881
IDHT1-WT/IDH-R132H ICs0 0.677 uM 0.006 uM 0.0006 uM
IDH2-R140Q ICso 0.009 uM 0.048 uM 0.007 uM
Mean mouse brain-to-plasma ratio 0.714 1.5 1.33

Konteatis, Z., Artin, E., Nicolay, B., et al. ACS Med. Chem. Lett. 2020, 11
Yen, K., Travins, J., Wanq, F., et al. Cancer Discov. 2017, 7(5)
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Case Study: mutant IDH inhibitors

FDA approves vorasidenib for Grade 2
astrocytoma or oligodendroglioma with a
susceptible IDH1 or IDH2 mutation

’ f Share | X Post | in Linkedin | % Email | & Print

On August 6, 2024, the Food and Drug Administration approved vorasidenib (Voranigo,
Servier Pharmaceuticals LLC), an isocitrate dehydrogenase-1 (IDH1) and isocitrate
dehydrogenase-2 (IDH2) inhibitor, for adult and pediatric patients 12 years and older with
Grade 2 astrocytoma or oligodendroglioma with a susceptible IDH1 or IDH2 mutation,
following surgery including biopsy, sub-total resection, or gross total resection.

Full prescribing information for Voranigo will be posted on Drugs@FDA.

This is the first approval by the FDA of a systemic therapy for patients with Grade 2

astrocytoma or oligodendroglioma with a susceptible IDH1 or IDH2 mutation.
e —

CFy N“ °N CF,

- |
Me/\H)%N)\HJ\Me

AG-881
Vorasidenib

Approved by the FDA on Aug 6, 2024
For the treatment of low-grade glioma
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RNA based therapies
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SIRNA sequence
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Target specificity is determined largely by the sequence of the antisense strand

Computational algorithms are used to design siRNA
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Screenings are typically done for RNA delivery material and modifications to
improve the stability and ADMET

Konteatis, Z., Artin, E., Nicolay, B., et al. ACS Med. Chem. Lett. 2020, 11
Yen, K., Travins, J., Wanq, F., et al. Cancer Discov. 2017, 7(5)
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Reporter gene serves as a direct measurement of siRNA delivery and efficiency marker
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Case study: iterative screening of RNA modifications
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OH F
2’-F modified ribose

Base
HO

O

OH OMe

2’-OMe modified ribose

HTS in RNA based drug discovery >Z A‘
4

am

HARMACEUTICALS

Single-stranded 2’-F ribose can increase double-strand DNA
breaks and impair cellular proliferation

) 4

Optimizing the number and placement of 2’-F and 2’-OMe

21201918171615141312|11 10|9I8 /7 6 5 4 3 2|1

Cleavalge site Seed }egion

Two modifications on a 21-mer and a 23-mer have
221 and 223 permutations

Foster, D. J., Brown, C. R., Shaikh, S., et al. Mol Ther. 2018, 26(3)
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Case study: iterative screening of RNA modifications

am

HARMACEUTICALS

Single-stranded 2’-F ribose can increase double-strand DNA

HO Base breaks and impair cellular proliferation
O
OH F .
2’-F modified ribose Optimizing the number and placement of 2’-F and 2’-OMe
Base
HO
O .
OH OMe Computational iterative screening

2’-OMe modified ribose

Foster, D. J., Brown, C. R., Shaikh, S., et al. Mol Ther. 2018, 26(3)



Case study: iterative screening of RNA modifications

Base
HO

O

OH F
2’-F modified ribose

Base
HO

O

OH OMe

2’-OMe modified ribose

HTS in RNA based drug discovery >Z A‘
4

am

HARMACEUTICALS

Single-stranded 2’-F ribose can increase double-strand DNA
breaks and impair cellular proliferation

) 4

Optimizing the number and placement of 2’-F and 2’-OMe

) 4

Computational iterative screening

Iterative screening is also being used in small
molecule drug discovery

Foster, D. J., Brown, C. R., Shaikh, S., et al. Mol Ther. 2018, 26(3)
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Mouse hybridoma

Ny e
PN

Immunization of mice Hybridoma Mouse antiboqdy

Lu, R., Hwang, Y., Liu, ., et al. BMC. 2020, 27(1)



Immunization of mice

HTS in antibody based drug discovery

Hybridoma

Mouse hybridoma

N e e
NN

Mouse antiboqdy

Lu, R., Hwang, Y., Liu, ., et al. BMC. 2020, 27(1)
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Immunization of mice

HTS in antibody based drug discovery

Hybridoma
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ELISA screening

N

Humanizing antibody

Very common method of producing antibody therapies among the approved drugs

Transgenic mouse have also been used to directly obtain human antibody from mouse

Lu, R., Hwang, Y., Liu, ., et al. BMC. 2020, 27(1)
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Phage display OO0

Plasmid library
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Natural diversity library Biased towards a specific target

Derived from human peripheral blood mononuclear cells (PBMCs)
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Case study: Ramucirumab ImClone Systems
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Case study: Ramucirumab ImClone ystems
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3.7 x 1079 clones 3 rounds of screening
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Case study: Ramucirumab ImClone ystems
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generating 1.5 x 108 clones Pamucirumab

Lu, R., Hwang, Y., Liu, I., et al. BMC. 2020, 27(1)
Lu, D., Jimenez, X., Zhang, H., Int. J. Cancer,. 2001, 97
Lu, D., Shen, J., Vil, M. D., et al. JBC. 2003, 278(44)



HTS strategies in drug discovery

—f— Murine
U ~L. = Human
Small molecule drugs RNA based therapies Antibody based therapies

Screening library and screening methods are crucial for the success of HTS

Need to balance between using advanced technology and the cost of time and money that comes with it
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