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biocomputing and intelligence-in-a-dish
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Recording Panel
6 Sep 2023

2024:
AI/LLMs for 
Scientific Discovery



AI Data: double every 18month
 = 90% in last three years
Computer: double every 24 

months (Moore’s law)
AI: double every 3 months 
 since 2010

Together increase
>1 billion-fold
(since we engaged in AI 
ten years ago)



2023

AI surpasses human 
performance, e.g., 
annotating 
scientific papers



Plagiarism?

Bias

Data gaps

Black box

Hallucination

Autonomous AI

Productivity

Information 
retrieval

Evidence 
integration 
of Big Data

Multi-modal

Toward xAI

Human-in-
loop



www.impss.org

Microphysiological 
systems (MPS) Microphysiological systems

JOIN US



2022, 2023, 2024

2023

2022

MPS workshops 2016, 
2020, 2023report to come

GCCP – MPS workshops
2015, 20163D workshop 2014

Inv. Tox workshop 2019

MPS

Science 16 Sep 2021



Since 2005: CAAT (Goldberg) 
& Hartung (then ECVAM)
9 workshops
5 International conferences

Guidance Document

Expert Group on DNT

2024



Lancaster et al., 2013

Brain Organoids

2016

Autism
COVID-19
Glioblastoma
….



Brain Organoid Research

Lena Smirnova

18 centers
175,000 children
+ organoid GxE

Reporter lines

Novel 
biomarkers

Freezing protocol developed (to be published)



Lena Smirnova



Discovery Grant

Combining MPS, 
sensors and AI

Organoid Intelligence (OI)

• Physiology of learning
• Brain Machine 

Interfaces
• Tox & Drug 

Development
• Biological Computing

=
Input &
Output



2D culture

The DishBrain system embodies in vitro 
neurons in a virtual world



1,000x cell density
   = more synapses
Myelination
   = 100x conductivity
Glial cells
   = synapse pruning for 
      long-term memory

Brain microphysiological 
systems

Providing the cellular 
architecture and 
physiology for cognition



Forming a community
• Dissemination (kid and lay 

versions, 600+ press hits)
• Workshop report
• US White House Bold 

Biotechnology Goals 3’23
• NSF “Engineering OI”



Next-Next-Generation
Education

doi: 10.3389/frym.2023.1049593



Newsletter

Website (shortly)

organoidintelligence.org



SURPASS project
Track 1- Organoids

Track 2- Interfacing Track 3- Data Analysis
Track 5- AI Demonstrations

Track 4-  Ethics
Month 12

Month 18

Organoids

Interfacing

Data Analysis

Ethics

AI Demonstrations



Oligodendrocytes 

Astrocytes 

Added 
microglia

Itzy Morales Pantoja

Physiological Glia Numbers
Adv. Biol. 2024



• Scaling & perfusion

• Physiological glia
ratio + micro-glia

• Electro-
Physiology

• Ca-flux

• Long-term 
Potentiation

• Criticality
• Early genes ⇧
• Modulated by drugs

ongoing



Bluetooth-
controlled by 
Brain 
Organoid

Brain Organoid
playing video game
over the internet



Renewal SURPASS 
Jul 2024 to Dec 2025

Continuation scaling the model
Publication long-term learning
Incorporation of a reward center / zonation
Dissemination and fund raising



Nature 20 Oct 2020

Embedded Ethics
• Criteria for physiological conditions 

of consciousness
• Rudimentary pain and suffering?
• Privacy concerns for iPSC donors
• Intellectual property
• Perception by public   



Understand similarities and differences 
across types of dementia 

Vasiliki Machairaki
Kostas Lyketsos

AD

Jiou Wang
ALS

Christine Ladd-Acosta
 & Heather Volk

Autism

Constance Smith-Hicks
Christina Nemeth Mertz

Adeline Vanderver
Leukodystrophies



• Integrate Disruptive Technologies 
with Existing Knowledge

• Accelerate Drug Development
• Optimize Prevention and 

democratize Healthcare Access
The Smart Path Forward
• Open access, machine readable
• Identify bias in data, 

explainable AI
• Mechanistic MPS and evidence-

based approaches
• Organoid Intelligence (OI)
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