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Drug discovery steps

Steps in the Drug Discovery Process
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Screening assays

Range of Screening Assays

Extent of reductionism
Phenotype

(Image-based
HCS, GFP, etc)

Pathway
(Reporters, e.qg., luciferase, G-
lactamase)

Protein
(Enzyme readouts, interactions, etc)
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HTS assays

149 Cancer Relevant Cell-Based HTS Assays from PubChem

O 10 20 30 <0 S0

Luciferase Reporter Gene 7 s51
Luminescence 29
Fluorescence is
Forster Resonance Energy Transfer 16

RO CYicRmat 12 Cell-Based
AlphaScreen
Time-rescolved Firster Resonance Energy Transfer
Iimaging
f-lactamase Reporter Gene
Absorbance 2
Bimolecular Luciferase Complementation
Green Fluorescent Protein Reporter Gene
In Cell Western
Mass Spectrometry
Phenotypic
Quantitative PCR
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Coussens, N. P, Braisted, J. C., Peryea, T., Sittampalam, S. G., Simeonov, A. and Hall, M. D.
Small Molecule Screens: A Gateway to Cancer Therapeutic Agents with Case Studies of

FDA-Approved Drugs Pharmacological Reviews, October 2017, 69 (4) 479-49% it ey



Assay expense

Important Considerations for Choosing an Assay

- Assay expense
-  Cost per well
— Disposal cost(s)
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Instrumentation

Important Considerations for Choosing an Assay

Assay expense
Cost per well
— Disposal costi(s)
- Available instrumentation
— Select the best possible assays based on the available instrumentation
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Throughput

Important Considerations for Choosing an Assay

- Assay expense
Cost per well
— Disposal cost(s)
- Available instrumentation
— Select the best possible assays based on the available instrumentation
- Assay throughput
-  Miniaturization reduces the cost per well
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Miniaturization

Miniaturization Saves Time and Reagents

96-well

~50,000 cells/well Well #7 (array)

98 (8x12)
S0ulL x 7 pts = 3500

384 (16x24)
30ulL x 7 pts = Z210ulL

384-well
—5,000 cells/well

1536 (32x48)
4ul x 7 pts = 25uL £ o2

g Cancemmtee g
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96 384 1536

Plates per 100,000

compounds: 1.042 261 66
Assay valume (ul): 50-200 30-50 2-8
Adherent cell seeding —10,00 .
o ~2,000 ~500
1536-well density: o
~S00 cells/well

Horman, Shane R. "Complex High-Content Phenotypic Screening.”™ Special
Topics in Drug Discovery. InTech, 2016.
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Multiplex

Important Considerations for Choosing an Assay

- Assay expense
-  Cost per well
- Disposal cost(s)
- Available instrumentation
— Select the best possible assays based on the available instrumentation
. Assay throughput
-  Miniatunzation reduces the cost per well
- Ability to multiplex
- Can the response be measured by a single parameter; is multiparametric cutput possible?
— Increased data per sample
— Can guide hit slection by differentiating selectivity among related targets
- Can distinguish pathway inhibition from cytotoxicity in a celi-based assay



Reagents

Important Considerations for Choosing an Assay

- Assay expense
-  Cost per well
— Disposal cost(s)
- Available instrumentation
— Select the best possible assays based on the available instrumentation
. Assay throughput
- Miniaturnization reduces the cost per well
. Ability to multiplex
- Can the response be measured by a single parameter; is multiparametric output possible?
— Increased data per sample
— Can guide hit slection by differentiating selectivity among related targets
- Can distinguish pathway inhibition from cytotoxicity in a celi-based assay
- Reagents
-  Stablility for hours is important
- Consistency is critical (ideally oblain a large quantity from a single lot)
— Al reagents need 1o be validated (cell lines, antibodies, enzymatic purity, etc.)



Interference

Important Considerations for Choosing an Assay

- Assay expense
-  Cost per well
— Disposal cost(s)
- Available instrumentation
— Select the best possible assays based on the available instrumentation
- Assay throughput
—  Miniatunzation reduces the cost per well
- Ability to multiplex
- Can the response be measured by a single parameter; is multiparametric output possible?
— Increased data per sample
— Can guide hit slection by differentiating selectivity among related targets
- Can distinguish pathway inhibition from cytotoxicity in a celi-based assay
- Reagents
- Stablility for hours is important
- Consistency is critical (ideally oblain a large quaniity from a single lot)
— Al reagents need 1o be vahdated (cell lines, antibodies, enzymatic purity, etc.)
- Potential for assay interference
—  Fluorescent compounds can interfere with fluocrescent readouts
- Colored compounds might interfere with luminescence
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Spectroscopic profiling

Fluorescence Spectroscopic Profiling of Compound Libraries

A488 0.29%

490/520

AB47 <0.01%

- high
@@ average Red cluster: Enrichedin fluorescent compounds
=) Blue cluster: Deficientin fluorescentcom

Simeonov, A., Jadhav, A., Thomas, C.J., Wang, Y., Huang, R., Southall, N.T_,

Shinn, P., Smith, J., Austin, C.P., Auld, D.S. and Inglese, J., 2008. Fluorescence
spectroscopic profiling of compound libraries. Journal of Medicinal ( 4
Chemistry, 51(8), 2363-2371. et beees
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Tolerance to DMSO

Determination of Assay Tolerance to DMSO/Vehicle is Important

2882 30000-
33 20000-

R ko
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Yasgar A., Jadhav A., Simeonov A., Coussens N.P., AlphaScreen-Based Assays: Ultra-High-
Throughput Screening for Small-Molecule Inhibitors of Challenging Enzymes and Protein-
Protein Interactions. Methods Mol Biol. 2016;1439:77-98.
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Homogenous format

Important Considerations for Choosing an Assay

- Homogenous assay format is preferred for screening
-  Add reagents, mix and measure (no solution removal or wash steps)
— Automation friendly
- Reduces varnability
- Decreases hands-on time
—  Improves reproducibility
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Time required

Important Considerations for Choosing an Assay

- Homogenous assay format is preferred for screening

Add reagents, mix and measure (no solution removal or wash steps)
Automation friendly

Reduces vanabality

Decreases hands-on time

Iimproves reproducibility

- Time required for assay

Off-line reagent preparation

Is temperature equilibration required

Actual assay time

Kinetic versus end point read

Time required for data analysis and record keeping
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Signal stability

Important Considerations for Choosing an Assay

- Homogenous assay format is preferred for screening
-  Add reagents, mix and measure (no solution removal or wash steps)
— Automation friendly
- Reduces vanability
- Decreases hands-on time
—  Improves reproducibility
- Time required for assay
—  Off-line reagent preparation
- Is temperature equilibration required
-  Actual assay time
—  Kinetic versus end point read
- Time required for data analysis and record keeping
- Signal stability
-  Does the response occur rapidly or within a few minutes or hours?
- Longer signal stability allows for flexibility in automated systems
— Longer signal stability minimizes differences among plates within a stack
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Sensitivity

Important Considerations for Choosing an Assay

- Homogenous assay format is preferred for screening
-  Add reagents, mix and measure (no solution removal or wash steps)
— Automation friendly
-  Reduces varnability
- Decreases hands-on time
—  Improves reproducibility
- Time required for assay
— Off-line reagent preparation
- Is temperature equilibration required
-  Actual assay time
— Kinetic versus end point read
- Time required for data analysis and record keeping
- Signal stability
-  Does the response occur rapidly or within a few minutes or hours?
-  Longer signal stability allows for flexibility in automated systems
— Longer signal stability minimizes differences among stacks of plates
- Assay Sensitivity
- Choice of readouts is important
= Colorimetric<fluorescent<iuminescent
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Evaluating assay

Evaluating Assay Suitability for Screening

Activity (Arbitrary Unit

v
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z = 0.1

mcan signal-mcan background

standard deviation of background

mean signal

mean background

3SD of sample + 3SD of control
mean of sample — mecan of control

A Simple Statistical Parameter for Use in Evaluation and
Validation of High Throughput Screening Assays. Zhang JH,
Chung TD, Oldenburg KR. J Biomol Screen. 1999.4(2):67-73.

'/ﬁ’ -
F 4 e e = G-
'\‘ R e



Suitability

Evaluating Assay Suitability for Screening

=~ :

§ ic data variability bang
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Assay signal
e 3SD of samplec + 3SD of control
mean of sample — mean of control
Z-facror value Srrucrure of assay Relased 10 screerning
] SD = 0 (no wvaniation), or the dynamic range —» = An ideal assay
1 > Z = 05 Scparation band is large An cxceliont assay
0sSs >Z >0 Scparation band i1s small A double assay
L) No separation band. the sample signal vaniation and A "yesnoa™ type assay
controd sagnal variation bands tooach

<0 No scparation band, the sample signal variation and Screcning essentially impossible

control signal varnation bands overiap

A Simple Statistical Parameter for Use in Evaluation and Validation of High Throughput Screening Assays. Zhang JH, Chung TD,
Oidenburg KR. J Biomol Screen. 1999:4(2):67-73.
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Quantitative HTS

Improving the Process of Early Discovery:

Quantitative High-Throughput Screening (qHTS)

m Conventional screening done at one concentration
= Not appropriate for potency testing — “dose makes the poison

”»

=3
‘g m gHTS tests compounds assayed at multiple concentrations
8 (range: 4 logs)
=
2
S = Enabled by miniaturized assay volumes (2-8 ulL per test) and
informatics pipeline
\ = Generates pharmacological actives instead of statistical
i 4 : \'\‘t llh itsll
: "\-._._::. = Dramatically increases reliability
e — = Dramatically reduces false positives and false negatives

PNAS 103:11473 = TJTo date, several hundred million datapoints from several

hundred screens have been generated and depos:ted in the
public domain. @ D) === _



Medicinal chemistry

Medicinal Chemistry, an Integrated Process

ELECTRONIC ADMINISTRATIVE ANALYTICAL COMPOUND ORDERS &
NOTEBOOK DATA DATA INVENTORY SHIPMENTS INFORMATION

Tier 1: Synthesis & validation

Medicinal chemisiry
Purnification
In vitro ADME

Tier 2: Compound profile expansion

Met ID/CYP studies
In vitro toxicology

Tier 3: Advanced Preclinical studies

Formulation
Scale-up

In vivo PK/PD
Preclinical foxicology

ANALYT
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Activity (%)

PLATING

-@- Screening hit (NCGC266)
so0 -@- Early cptimization (NCGC387)
-@- Mid cpamizason (NCGC70S5)
25 - La.e optimizaton (NCGC144)
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Drug combinations

Translation Challenge: Rapid Discovery of Drug
Combinations

Destination Plate
(1536, screening)

Source Plate
(384, compounds)

1. Appropriate
libraries

3.Informatics
platform

2. Automation/
screening
e technologies

The NCGC Pharmaceutical Collection:
A Comprehensive Resource of Clinically
Approved Drugs Enabling Repurposing and
Chemical Genomics
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Resistance

Application of Drug Combinations to Address
Resistance
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Mutation rate (per generation)

Gemnotic Mutation Causes Drug Resistance

Bacueria
multiply by
the billions

Some mutations
make the bacterium
drug resistant

Drug resistant

Dacteria multiply
and thrive.

A few of these In the presemce of drugs,
bacseria will only drug resistant
mutate bacteria survive.




Dissemination

Dissemination of technology: combination screening
to overcome drug resistance in cancer cells

- Applied to ABC subtype of Diffuse Large B-Cell Lymphoma (ABC-DLBCL)
= Ibrutinib is a BTK inhibitor that has activity against ABC DLBCL
- Lead investigators: Craig Thomas (NCATS) and Louis Staudt (NCI)

 Study evaluated 459 drugs in combination with lbrutinib
» 6 X 6 concentration-response “matrix blocks”, validation in 10 x 10
concentration-response matrix blocks
- DNA-damaging agents identified as synergizing with Ibrutinib in Killing
ABC DLBCL cell Lines
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High-throughput combinatorial screening identifies 156 BE ¢ §
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Triple drug combination

Example: triple drug combination screening to tackle
resistance against artemisinin-based combination
therapies in malaria

ACS Pharmacol. Transl. Sci. 2020, https://dx.doi.org/10.1021/acsptsci.0c00110?ref=pdf
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B T ea— DMSO §

DMSO Drug C (11 concentrations) only cer e
2
Drug A =

@ Drugs A and B are acoustically @ To each replicate block, serial dilutions of @ Plate view of triple combination
dispensed in a 10x10-well matrix,12 Drugs C is acoustically dispensed, with the screening plate with positive control
replicate blocks per plate. Single drug final block serving as a DMSO control (artesunate, blue) and neutral controls
resonses, bottom row (Drug A) and (DMSO, grey) also shown.
right column (Drug B).

- 3000+
g 2000+
o= S
&8 £ 1000+
i = AS\\
=
- =
- - B e -5
Drug C (Log [M])

@ Dispense F @ Dispense 2 ulL of @ Parasite proliferation response is normalized @ Triple drug response is analyzed
falciparum and SYBRGreen1 and lysis to artesunate and DMSO controls. For each as a function of Drug C
erythrocytes, solution, incubate concentration Drug C block, response of concentration.
incubate 72 hr overnight. Fluorescence Drug A + Drug B wells is summed.

quantified



VIPOR combination
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3D models

Increasing the predictivity of in vitro assays: a
continuum of 3D models of healthy and diseased
tissues

Spheroids Organoids Printed Tissues Organ-on-a-chip
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Tissue bioprinting

3D Tissue Bioprinting

Gel Cells Syringe Printer
Hydrogel polymer is mixed with cells and loaded into syringe.

Printed construct 1 day 1 week 2 weeks
The printer “3D prints” The printed construct is incubated to allow
the cell/gel mixture in a the cells to form a tissue, and to enable
layer by layer approach. proper cell differentiation.




3D tissue models

Current portfolio of engineered 3D tissue models

CNS/PNS

Muscle/
Neuromuscular Junction

s

Program Director Marc Ferrer, Ph.D. htips://ncats.nih.gov/bioprinting
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Skin biofabrication
e

Skin biofabrication

Native Skin 3D-Bioprinted Skin

Stratem cOrmeun
SUrates gramnulesew
STraTem

==

Stratum corneu Epidermis

Stratum

Stratum spinos ;

Chae. baratsrecxaas) 3 Stratum
germinativ

other spidermel cells

- cserwis
-

http:// www . siumed.edu/~dking2/intro/INOOSb.htm




Skin tissue generation

Generation of bioprinted skin tissues
Full thickness skin tissue (FTS)

(RhE) bioprinting gel

N 2. Bioprint fibroblast Qﬂ
1- Coat the 96-well @ bioink to a 3-layer U *ﬁ;

transwell insert

Reconstructed human epidermis ——— TN B 1. Suspend fibroblasts in

= 3. Add bioprinting

membrane with collagen ::jaepgf%% -bv(:;tloml ., ': gl to cover the U
transwell insert L--——|---2 shape

2. Add keratinocytes E=—— g;; él membrane E

4. Submerge bioprinted tissue in
medium for 7 days

3. Submerge culture for 3 X Y ——
days I 5. Add keratinocytes and IS fl

submerge culture for 3 days

4. Air-liquid interface @
Cufiurs for £ cays 6. Air-liquid interface culture for 8 E '

days
(£ Ey===s

Z Wei and X Liu et al., Frontiers in Bioengineering and Biotechnology (2020) —




Tissue model

www.oncotarget.com

Oncotarget, 2020, Vol. 11, (No. 27), pp: 2587-2596

Research Paper
A 3D biofabricated cutaneous squamous cell carcinoma tissue

model with multi-channel confocal microscopy imaging biomarkers
to quantify antitumor effects of chemotherapeutics in tissue

Human skin
Standard Histology
{(Sagittal View)

Biofabricated Skin

Fluorescence Confocal Standard Histology
Microscopy (En Face View) (Sagittal View)

Reflectance Confocal
Microscopy (En Face View)

Reflectance Confocal
Microscopy {En Foce View)

 Stratum Corneum Stratum Cormeum

Stratum Spinosum

—— T —
p— J. - -
e _-1
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- ~t &
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Depth = 67um

Collaboration between NCATS (Marc Ferrer) and Rockefeller University (Daniel Gareau)
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Information

Where do | go for more
information about assay
development??
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Book

Sharing internal know-how: Assay Guidance Manual
(47 chapters/ 1,338 printed pages)

Assay Guidance https://ncats.nih.gov/agm-video
Manual
[ Austin, CP: Welcome to the Assay Guidance Manual (AGM) Workshop
= Coussens, NP: Strategies for Assay Selection & Robust Biochemical
Assays
- N Riss, T: Treating Cells as Reagents to Design Reproducible Screening
Assays
4q. Trask, OJ: Assay Development Considerations for High Content imaging
s Auld, DS: Studies in Mechanisms and Methods in Assay Interferences
6. Dahlin, JL: Assay Interference by Chemical Reactivity
Preface Table of Contents 7. Chung, TDY: Basic Assay Statistics, Data Analysis & Rules of Thumb
Considerations for Early Phase Drug Discovery 1 Chapter 8. Devanarayan, V: Reproducibility & Differentiability of Potency Results
In Vitro Biochemical Assays 10 Chapters 9. Sittampalam, GS: Avoiding Artifacts & Interferences in Assay Operations
In Vitro Cell Based Assays 19 Chapters
In Vivo Assay Guidelines 2 Chapters March 26-27% Videos
Artifact 1 Interf 4 Cha 1 Austin, CP: Welcome to the Assay Guidance Manual (AGM) Workshop
AnEwy Validati ® 10 . Control 5 Chap tors P & Coussens, NP: Robust Assays Define Success in Precdlinical Research
Assay T 5 F oL ity 2Ch ptors 3. Lal-Nag, M: Target Identification & Validation in Translational Discovery
.A”:’“V °°""":n°9'“ = :m 4. Foley, TL: Development & Validation of Cell-Based and Biochemical
nstrumentati Chapters Assays
Pharmacokinetics and Drug Metabolism 1 Chapter 3 Riss, T: Treating Cells as Reagents to Design Reproducible Screening
Glossary of tative Bio Terms 1 Chapter Assays
6. Trask, OJ: Assay Development for HCS & Best Practices for 3D HCS
Ta Roth, KD: Mass Spectrometry for Drug Screening and Lead Optimization
Website:https://ncats.nih.gov/expertise/preclinicallagm - Dahlin, JL: Bloassay Interference by Aggregation and Chemical Reactivity
9. Patnaik, S: Lead Selection and Optimization by Medicinal Chemistry
10. Xia, M: In Vitro Toxicological Testing Using a gHTS Platform
Email us: NCATS AGM _Editors@mail.nih.gov 11. Xu, X: In Vitro Assessment of ADME Properties of Lead Compounds
12, Kahl, SD: Statistical Design of Experiments for Assay Development
- VW 13. Guha, R: Pharos Application to Target Evaluation and Drug Discovery
n Facebook: w.fa ok.c A ide 14. Weidner, JR: Assay Operations: Keeping Assays Robust and Reproducible

Linked 3] .
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Assay guidance manual

Transiatonal Sciences

Assay Guidance Manual Training m“”“o
Workshops

. Assay Guidance Workshop on 3D Tissue Models for
£ Modules
« Up<oming Workshops Antiviral Drug Development
= Past Workshops

MCATS offers a vanety of Aissay Guidance Manual (BGM) training workshons
throughout the year desgned to share best practices and adwice on robust assay
daesgn, deuvslocpmant and implameantancn for ressarchers Nnunlued in the drug < 4
discousry process -

© Tue Jun 7, 11:00 AM - Wed Jun B, 515 PM (EDT)

THIS EVENT HAS ENDED

Video of the workshop is avallable at the links below

o say Guid ks he « D Tissue Mod for Antiviral Dn Development (Day 1) (June 7,
2022)
ay Guidance Workshop « 3D T ue Models for Antiviral Drug Development (Day 2) (June B,
2022)
About the Workshop
The Nauon center for Advancing Transianonal Scilenc 5 NCA - » =ay o C nC I anual
A program is bosting a two-day workshop that willl cover a broad range of critical ojnr‘-"pt-.
including practical approaches and best practices, for developing standardized 3D cellular
Onllne Tral n | ng MOdU | es assays with the hope of helping the community to successfully de-elop tnerapautlcs for fuu.re
pandemic threats. This workshop is jointly orqamrad by NCATS, the National titute « v y
MNCATS offers an online &GM traning worlchop in addition to the in-person AGNM ' nfectious Di e (NIAID) and the 8ill & Melinda Gat Foundation. The overall qr\‘!l of thl.,
work=hop= h=ld throughout the year. The online training waorkshop ak=o features workshop is 10 help scientists establish robust, reproducible, scalable, consistent, advanced 3D
experts shasing best practces and expert advice on assay design, development and tissue models to study pandemic threat viruses.

implementaton View the video modules,

https://ncats.nih.gov/expertise/preclinical/agm/training

e
Hacyrred
T cdetone Scorces




Biomedical changes

Changes in Biomedical Research Fields in the Last
100 Years




Joining forces

Chemistry, Engineering, Informatics, and Biology
Joining Forces to Automate the Design,
Generation, and Testing of New Molecules

A Specialized Platform for Innovative Research Exploration (ASPIRE)
1

= :
’ —p
, l:
High
throughput
and virtual Analysis planning Synthesis
Chemical ST
Libraries




Biological assay development

o~ Orpeal Resecech

WAL Techwtdogy
JOL Wk DA 10N

Cross-Platform Bayesian Optimization & oy o iy

. ® Bt w . wrel vy Fog
System for Autonomous Biological OOt 28187720321 S8 7N
Assay Development SSAGE

Sam Elder'", Carleen Klumpp-Thomas®', Adam Yasgar’®, Jameson Travers?,
Shayne Frobert’ Kelli M. Wilson® D, Alexey V. Zakharov?, Jayme L. Dahlin®0,
Christoph Kreisbeck”’, Dennis Sheberia', Gurusingham S. Sittampalam?,
Alexander G. Godfrey®, Anton Simeonov?, and Sam Michael®

Setl-Orroen assay OpLImMeEZaton

el [Substrate

v 4 ( igl

OWMJ
NCATS
Rockvle, MD

Graphical Abaerace.



NCATS

NGATS

COLLABORATE. INNOVATE. ACCELERATE.

@ ncats.nih_gov ' @ ncats nih gov n Encats.nih.gov m NIM-NCATS




