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Assess chemical safety based 

on mechanistic reasoning

Digital Medicine 
for Cancer

Data-driven cancer 

treatment and care

Phenotypic profiling and computational modeling

• Chemical/drug safety or efficacy assessments

• High-throughput Image-based Phenotypic Profiling

• Machine learning, data analysis, and assay automation

View and share anywhere, anytime

Big bioimage data management, 

visualization, standardization, and analytics

Bioimage Databases



Building Predictive In vitro or Ex vivo Models for 
Chemical/Drug Safety or Efficacy Assessments

Safety Efficacy

In vivo

In vitro/

Ex vivo



High-throughput Image-based Phenotypic Profiling (HIPP)

Conceptually similar to “RNA expression profiling”

Measure large numbers of 

phenotypic features based 

on general markers

Select the most 

“predictive” 

feature subset

Build and evaluate 

computational 

models

Phenotypic

Profiling

High-Content

Analysis (HCA)

Number of measured 

phenotypic features 

Very Large

(~100s-1000s)

Small

(<10)

How are the features 

designed and selected?

Automatically based on 

machine-learning algorithms

Manually based on 

known or expected mechanisms

What stains/markers are 

used?

General cell structures or 

biological processes

Specific structures or

biological processes

Modes of action need to be 

defined a priori?

No Yes

Can discover novel MoAs? Yes No

0 0 0 0 0 0 0

0 0 2 2 2 0 0

0 3 6 9 5 3 0

0 2 5 8 6 1 0

0 1 2 1 1 0 0

0 0 0 0 0 0 0



Human PTCs were treated with 44 reference chemicals 
and stained with DNA, Actin, RelA/gH2AX

Dexamethasone

Water

Arsenic Oxide Cephalothin Paraquat

Tetracycline Cadmium ChlorideBismuth Oxide

Potassium Dichromate

Gold Chloride

Non-PTC-Toxic

reference chemicals

PTC-Toxic

reference chemicals

Proximal tubule cells exhibit distinct phenotypes 
when exposed to different chemicals

[Su et al., Arch Tox, 2016]In collaboration with Dani Zink, SIFBI



We performed phenotypic profiling … 129 features

[Su et al., Arch Tox, 2016]

Ran Su

5 features based on 

DNA, actin, and γH2AX in HK-2

(89% accuracy)



In 2016, Drs. Loo and Zink 

have become the first from 

Asia to win the Lush Prize 

(Science Award), UK

The first predictive and high-throughput 

in vitro model for nephrotoxicity

Ran Su is now an Associate Professor 

at Tianjin University, China



BEAS-2B

A549 16h

Building Lung Toxicity Model Using Phenotypic Profiling 

HIPPTox lung assays are more accurate and

specific than standard cell count or viability assays

[Lee et al., Arch Tox, 2018]

Joey Lee





Example of how our models 
were used to assess fungicides

Cyproconazole Flusilazole

 

 
 

 

 

  

  

Propiconazole

Three agricultural azole fungicides with 

unknown or unclear human toxicities

What are their relative bioactivities?

Ketoconazole Voriconazole Fluconazole

• To validate our model, we also add in 3 negative 

controls: azole drugs known to have low kidney effects

[van der Ven et al., Chem Res Tox, 2020]



[van der Ven et al., Chem Res Tox, 2020]

Our ranking of the chemicals agrees with 
predictions based on other toxicological 

endpoints made by RIVM

James Miller



International case study on the use of in vitro 
bioactivity in risk-based chemical prioritization

[Paul-Friedman et al., Tox Sci, 2020]

Predicted exposure level based on modeling

PODs based on NAMs (ToxCast + HIPPTox)

PODs based on traditional animal models

Potential chemicals 

of concern

SOT Paper of the Year Award 

(Honorable Mention), 2020



ToxMAD is based on various A*STAR-developed in vitro and in silico technologies, and 

aim to rapidly and efficiently identify MoAs of chemicals (especially key molecular 

initiating events and cellular events leading to adverse outcomes)

Phenotypic

profiling

Metabolite 

profiling

Virtual

docking

3D structure 

modeling

Proteomic 

profiling

Transcriptomic 

profiling

Chemogenomic 

profiling

Immuno-

phenotyping

Molecular initiating events Key molecular/cellular events

Sequence

analysis

Phenotypic endpoints Mechanistic reasoning

Current safety assessments Future safety assessments

ToxMAD
Toxicity Mode-of-Action 
Discovery Platform



A platform to publish and share large biological images

Suppliers’ 
product 

websites
Colleagues

Is my staining 
correct?How do tumors with poor 

outcomes look like?

How do I train or benchmark
my AI algorithms?

Does this patient 
have similar 
phenotypes as the 
published cases?

Bioimage 
databases

Online forums or 
social media sites

Journal websites 
or online data 
repositories

Internet search 
engines



Introducing ImmunoAtlas …

Interact and 
collaborate

View and 
annotate

Reference 
and validate

Publish 
and share

Standard or reference images of 

clinically-relevant immunofluorescence 

or immunotherapy markers 
(Users include researchers, pathologists, 

standard workgroup, and companies)

Bioinformatics
Institute

BII

Institute of Molecular 
and Cell Biology 

IMCB

cellXpress 2.0
Image processing 

engine in C++
(2011-2021)

HistoPath Analytics
(HPA) Platform

Online tissue image management
and analysis platform

(2019-2021)

Bioimage publishing and 
sharing portal (2021)



Digital Medicine


