
Towards a 21st Century Roadmap 

for Biomedical Research

Troy Seidle
Senior Director, Research & 

Toxicology Department
tseidle@hsi.org

biomed21.org



– Francis Collins, MD
Director, NIH

“I	predict	that	10	years	from	now,	safety	
testing…will	be	largely	carried	out	using	
human	biochips	that	are	loaded	with	
cells	accurately	representing	heart,	liver,	
kidney,	muscle,	brain,	and	other	tissues.	
This	approach…will	mostly	replace	animal	
testing…giving	results	that	are	more	
accurate,	at	lower	cost	and	with	higher	throughput.”

U.S. National Research Council (2007) 

“envisions a new toxicity testing system

that evaluates biologically significant 

perturbations in key toxicity pathways 

using new methods in computational 

biology and a comprehensive array of 

in vitro tests based on human biology.”

Moving from ‘3R’ language to a 

scientifically articulated vision



Declining animal use for testing 

vs. steady growth in research

*CCAC data for Canada; sorce:
https://www.animalsinscience.org/policy-
and-oversight/facts-and-figures/

*



~95% clinical failure for new drugs that 

appear safe & effective preclinically



“Most of this failure is due to the 

limited predictive value of 

preclinical models of disease” 
(Plenge et	al.	Nat	Rev	Drug	Discov.	2013;	12:	581-94)



“We have moved away from studying 
human disease in humans… The problem is 

that it hasn’t worked, and it’s time we 
stopped dancing around the problem… 

We need to refocus and adopt new 

methodologies for use in humans to 

understand disease biology in humans.” 

- Elias Zerhouni, MD
Former NIH Director



* The views expressed in this article are those of the authors and do not 
necessarily reflect the views or policies of their organizations.

Engaging scientists to articulate a scientific 
vision for ’21st century’ biomedical research



“We suggest a new conceptual 

framework … with research focused 

on human-specific models to 

understand disease pathways at 

multiple biological levels that are 

analogous to adverse outcome 

pathways.” 
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Engaging scientists to articulate a scientific 
vision for ‘21st century’ biomedical research



‘Disease AOP’ 
concept



 

 

Call for Proposals  

“Roadmaps to Human Biology-Based Disease Research”  
	

To	support	strategic	scientific	dialogue	around	the	concept	of	extending	the	vision	of	“21st	century	

toxicology”	to	the	wider	biosciences,	Humane	Society	International	is	offering	grants	to	support	the	

development	and	open-access	publication	of	in-depth,	independent	review	articles	in	discrete	areas	of	

human	disease/biomedicine	by	health	scientists	with	relevant	expertise.	

	

Remit 

Each	review	should:	

	

• Examine	the	state	of	the	science	in	a	specific	area	of	human	biomedicine,	including	current	

understanding	of	the	underlying	pathophysiological	pathways	and	networks;	

• Critically	evaluate	the	human	relevance,	translational	success	and	limitations	of	conventional	

research	models;	

• Offer	concrete	recommendations/roadmap	for	optimizing	the	funding	and	use	of	advanced,	

human-specific	tools	and	approaches	(pathway	paradigm	as	an	organizing	framework,	primary	

human	cells/tissues,	iPSC,	organoids,	bioengineering,	computational	systems	biology	modeling,	

etc.)	in	the	disease	area	under	discussion;	and	

What are the opportunities for individual 
diseases? Ask the experts!



Liver	Disease	(Noor,	2015)

Autism	Spectrum	

Disorders	(Muotri,	2015)

Alzheimer’s	Disease	
(Langley,	2014)

Asthma	(Buckland,	2011)

ALS	(Clerc et	al,	2016)Autoimmune	Disorders	
(van	de	Stolpe &	Kauffmann,	2015)



REVIEW

Experimental study of tuberculosis: From
animal models to complex cell systems and
organoids

Kaori L. Fonseca1,2, Pedro N. S. Rodrigues1,2,3, I. Anna S. Olsson1,2, Margarida Saraiva1,2*

1 i3S - Instituto de Investigação e Inovação em Saúde, Universidade do Porto, Porto, Portugal, 2 IBMC -
Instituto de Biologia Molecular e Celular, Universidade do Porto, Porto, Portugal, 3 ICBAS - Instituto de

Ciências Biomédicas Abel Salazar, Universidade do Porto, Porto, Portugal

* margarida.saraiva@ibmc.up.pt

Abstract

Tuberculosis (TB) is a devastating disease to mankind that has killed more people than any

other infectious disease. Despite many efforts and successes from the scientific and health

communities, the prospect of TB elimination remains distant. On the one hand, sustainable

public health programs with affordable and broad implementation of anti-TB measures are

needed. On the other hand, achieving TB elimination requires critical advances in three

areas: vaccination, diagnosis, and treatment. It is also well accepted that succeeding in

advancing these areas requires a deeper knowledge of host—pathogen interactions during

infection, and for that, better experimental models are needed. Here, we review the potential

and limitations of different experimental approaches used in TB research, focusing on ani-

mal and human-based cell culture models. We highlight the most recent advances in devel-

oping in vitro 3D models and introduce the potential of lung organoids as a new tool to study

Mycobacterium tuberculosis infection.

Author summary

Tuberculosis (TB) is the number 1 killer in the world due to a bacterial infection. The

study of this disease through clinical and epidemiological data and through the use of

different experimental models has provided important knowledge on the role of the

immune response generated during infection. This is critical for the development of

novel vaccines and therapeutic strategies. However, in spite of the advances made, it is

well accepted that better models are needed to study TB. This review discusses the differ-

ent models used to study TB, highlighting the advantages and disadvantages of the avail-

able animal and cellular models and introducing recently developed state-of-the-art

approaches based on human-based cell culture systems. These new advances are inte-

grated in a road map for future study of TB, converging for the potential of lung orga-

noids in TB research.

PLOS Pathogens | https://doi.org/10.1371/journal.ppat.1006421 August 17, 2017 1 / 13
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A Human-Specific Approach 

to Disease Research

European Union  | North  America  | South America  | Asia-Pacific  

SCIENTIFIC SERIES

biomed21.org



European Workshop
8-9 December 2015  |  Brussels

• Keynote	lecture

• Alzheimer’s	disease

• Asthma	&	COPD

• Autoimmune	disease

• Liver	disease	

• Research	funding	programs

• Roundtable	discussion

Financial support for the BioMed21 European workshop and 3 disease review grants was provided by World Animal Protection



South American Workshop
29-30 May 2017  |  Rio de Janeiro

“EMERGING TOOLS FOR PATHWAY-BASED 

HUMAN BRAIN RESEARCH” 

Venue

• D’Or	Institute	for	Research	and	Education

Draft	Agenda

• BioMed21	overview

• Organoid/mini-brain	models	

• Human	iPS-derived	models

• Microphysiological models

• ‘Omic tools

• Round	table	discussion:	toward	a	strategic	

science	agenda	for	human-specific	brain	

research	and	infrastructures

biomed21.org



North American Workshop
26-27 June 2017  |  Washington, DC

Venue

• NIH	Conference	Center,	Bethesda

Participants

• ~150	in	person	and	online	including	government	

(6	NIH	institutes,	6	FDA	centers,	EPA,	industry,	

academia,	NGOs

Agenda

• Issues	with	disease	models	&	drug	pipeline

• Big	data:	information	>	knowledge	>	action

• The	present:	pathway-based	tools	&	approaches

• The	future:	role	of	funding	bodies,	regulators	&	pharma

• Round-table	discussion

“A HUMAN PATHWAY-BASED APPROACH TO DISEASE & MEDICINE”

biomed21.org



• Overarching	strategic	frameworks	are	

essential	to	guide	science	policy	&	

funding	to	areas	that	need	further	

development	&	coordinate	related	

activities

• Funding	should	be	focused	on	acquiring	

critical	human	information	&	

developing/validating	human-specific	

tools	(vs.	new	or	‘improved’	animal	

models)

• Need	to	develop	21st century,	disease-

specific	research	roadmaps	focused	on	

understanding	pathophysiologies &	

leveraging	human-specific	models

• Challenge	conservativism	within	

funding	bodies,	among	journal	

editors/reviewers	&	within	the	

‘mainstream’	bioscience	community	

generally

Major Recommendations: EU Workshop



• Need	an	overarching,	multi-year	non-

animal	technology	and	biomedical	

research	funding	strategy	to	ensure	

sufficient	and	sustained	investment	in	

human	biology-based	research	and	

model	development	at	federal	and	state	

levels

• Establishment	of	a	strategic	science	

‘think	tank’

• Further	examine	the	role	of	scientific	

journals	in	driving	or	impeding	a	

paradigm	shift	in	health	research

• Address	commercial	availability	and	

import	of	human	tissues,	models	and	

chemical	reagents	

• Address	local	industry/CRO	capacity,	

infrastructure	and	training	to	perform	

all	available	non-animal	guideline	tests	

according	to	OECD	GLP	standards	

Major Recommendations: Brazil Workshop



Major Recommendations: U.S. Workshop

• Formal	international	and	inter-agency	

collaboration	between	major	

organizational	and	funding	bodies	

should	be	established

• Funding	should	be	prioritized	for	

researching	human-based	biology

• Human	data	should	be	collected	in	high-

quality	open-access	databases

• Common	reporting	formats	and	

ontologies	should	be	established	for	

collecting	and	collating	human	biology	

information,	from	different	‘omics	

technologies	to

human	clinical	data

• Immediate	need	for	the	creation	of	case	

studies	to	demonstrate	applications	and	

benefits	of	predictive,	mechanism-

based	approaches



What’s Next

Asia-Pacific Workshop 2018

5 new disease-specific 

grants awarded

• Cardiovascular

• Diabetes
• Flavivirus infection

• Non-alcoholic liver disease

New roadmap funding call for 

Latin American countries

Online at biomed21.org
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