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Abstract:

The per capita cost of health care in the US, by far the highest in the world, is driven in part by the high
cost of pharmaceuticals. The low conversion rate of promising agents into successful clinical therapeutics
is an important contributor to the high cost of pharmaceuticals. For example, all of the ~150 drugs
developed in the last 15 years in mouse models to treat sepsis have failed in clinical trials. Several NIH
institutes and other funding agencies have recently eliminated or significantly curtailed their funding for
animal-based studies. A number of in vitro models of living tissues, especially organoids and
microphysiological systems, are playing an increasingly significant role in prescreening of promising
therapeutics for safety, efficacy and toxicity prior to expensive animal and human trials, thus offering the
promise of accelerated drug development. However, a data-based understanding of how and the degree to
which these assays reproduce the biological signals of interest, as well as drug-cell interactions, is critical
to their successful deployment in the field of drug discovery. It is therefore critical to decipher omic and
other changes to map known response pathways/networks so that in silico models can be used to determine
which components of the biological signaling in human cells is preserved in mouse cells to guide further
optimization of in vitro assays. Development of appropriate analytical tools will be critical to the success
of this hybrid approach to drug development.
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Cost of Health Care in the US

= $3.5 trillion in 2017
» $10,739 per person

= Accounted for 17.9% of Gross Domestic
Product (GDP)

» Projected to grow at an average rate of 5.5%
per year, to reach ~$6.0 trillion by 2027

WWW.CMS.gov

US vs. other Developed Countries

%GDP

United States

Comparable Country Average

Cost of Health Care in the US

= $3.5 trillion in 2017

= $1.6 trillion total individual income tax collections
in 2017

» The savings in healthcare costs would be larger
than ALL income tax collected, if we spent as
much as other OECD countries on healthcare




Is it all about money?
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The average price of Tecfidera in the United States is 174%
higher than in Switzerland

Average price, Tecfidera, 60 capsules, 240 mg, 30 day supply, 2014

$5,089

$1,855
$663
United Kingdom Switzerland United States
Source: International Federation of Health Plans 2015 PateTitT-KaiEer

Comparative Price Report * Get the data * PNG Health System Tracker
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New drug development

* Along, difficult and expensive process

* The average cost per new drug is in the range of $650 million to $2.5 billion!
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The rise and fall of American growth : the U.S. standard of living since the Civil War / Robert J. Gordon

Sepsis
= Definition

= Life-threatening organ dysfunction caused by a dysregulated host
response to infection (Sepsis-3 JAMA 315:801, 2016)

= Epidemiology
= Incidence >1,700,000 cases/year in the US & increasing
= Mortality >250,000 deaths/year in the US
= Associated costs >$20 billion/year

= Sepsis-induced Acute Lung Injury

= Treatment
— Antibiotics
— Supportive therapy
— No specific pharmacologic therapies for sepsis

Key Questions in Sepsis Pathophysiology
= How do leukocytes migrate through the
endothelium during sepsis?

= How is the vascular endothelium damaged
during sepsis?




A rat model of CLP- polymicrobial sepsis-
induced Acute Lung Injury
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1. CLP or Sham Surgery

2. Intra-tracheal administration of vehicle

(PBS) or PKC? inhibitor (200ug/kg) post-surgery
3. Lungs harvested 24 hrs post surgery

Leukocyte-endothelial interaction in vivo

Leukocyte-endothelial interaction in vivo

Current state of therapeutics for treating sepsis

All of the ~150 drugs recently developed in animal models have
failed in clinical trials

Reductions in mortality primarily due to supportive care rather
than effective medicines

A meta-analysis of a large number of studies found little overlap
in gene activity between mouse models of inflammation and its
clinical manifestations

The need is for “translational medical research to focus on the
more complex human conditions rather than relying on mouse
models to study human inflammatory diseases” by developing a
realistic fluidic model for “in vitro reconstitution of disease-
related cell types or tissues”




The New York Times: Much time and money has been
wasted studying mouse models of inflammation
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Microvascular network on a chip (bMFA)

Biomed. Microdevices, 2008
Biomed. Microdevices, 2009

Cremaster Muscle Preparation

Ann. Biomed. Engr. 1999

Microvascular network on a chip (bMFA)
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3D culture of endothelial cells in bMFA Leukocyte-endothelial interaction in bMFA

Tissue Compartment

Analytical Chemistry 2014

Top 10 Innovations 2013

TheScientist




Number of Migrated Neutrophils

Mouse models may underestimate
therapeutic impact of a drug!
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Blood-brain barrier on a chip (B3C)

Compartment

Journal of Neuroinflammation 2018




Blood-brain barrier on a chip (B3C)
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Permeability of B3C approximates the in vivo conditions
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Tumor on a chip (bMTM)
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Tumor type impacts liposome permeation in bMTM
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Proteomic analysis of signaling pathways after
cytomix treatment of pulmonary endothelial cells
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In silico model of inflammatory response in lung cells
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Integrating microfluidic, omic, and in silico models to
screen therapeutics for sepsis

Concept to Fabrication

In silico models validated against in vitro
and in vivo data

bMFA digitized from
animal and optimized
for human study

In vitro model validated against in vivo
data predictive of human response




What are the funding agencies saying?

- National Institute of General Medical Sciences (NIGMS):
“Specific topics of research interest include:
Application of new research methods and models such as in silico
approaches, cell culture, and organoids to early-stage testing and
validation of potential sepsis diagnostics and therapeutics”

“NIGMS considers the following areas to be of low priority:
Studies using rodent models of sepsis unless uniquely well-justified in
terms of potential for providing novel insights into human sepsis”

- Department of Defense Joint Program Committee-6 (JPC-6) & National
Heart, Lung, and Blood Institute (NHLBI):
“The program will also facilitate collaborations between
hematologists/vascular biology experts and BBB tissue chip developers to
create enhanced/modified platforms that more closely model the human
BBB for assessment...”

“Applications that focus only on animal models and/or in silico predictive
models of the BBB will not be responsive to the FOA”

What are the funding agencies saying?

- National Science Foundation:

Understanding the Rules of Life: Microbiome Theory and Mechanisms
“New computational, engineering, biological, physical-chemical and/or
social networking approaches to understand and predict how a host's
genetic composition, physiology, and behavior influence the genetics,
physiology, and behavior of the microbiome and vice versa”

Opportunity

« Collaborate with an established biomedical scientist
“Multiple PI with established collaborative relationship and
complementary skill set”

«» Focus on clinically relevant questions

“‘employing computational, cell-culture and organoid methods
in preclinical discovery with validation using human clinical
material and research endpoints that align with therapeutic
target discovery”

“»Develop a multi-disciplinary approach
“Comprehensive approach utilizing in vitro, in vivo, human, and
in silico techniques”
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