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THE STORY OF TGN1412: A FIRST IN HUMAN TRIALS DISASTER

New England Journal of Medicine. 2006;355(10):1018-1028




THE STORY OF TGN1412: A HOPEFUL HYPOTHESIS, AFFIRMED
IN ANIMALS

T cells Tregs .
utoimune

# 1elis Disease
TGN1412: ‘

A CD28 super agonist Immune
Balance

gas
Hypothesis: Selective CD28 superagonist stimulation expands regulatory T cells and
suppresses effector T cells, restoring iImmune balance and reducing autoimmune disease.

Preclinical Evidence Supporting IND Submission
Rats (Lewis; JJ316) — Efficacy: J Exp Med 2005;202:445-55 ¢« Eur J Immunol 2003;33:626-38 ¢ J Rheumatol 2006;33:110-18

Non-human primates (cyno/rhesus; TGN1412) — Safety only: TeGenero, Investigator’s Brochure (Dec 2005) « TeGenero, Investigational
Medicinal Product Dossier(Apr 2006)



THE STORY OF TGN1412: WHAT WENT WRONG?

Rodent studies (mice/rats):

Humans have CD28 on Teffs. Mice
do not.

So TGN1412 activated Teffs in

humans, instead of Tregs. The

1. UK Secretary of State for Health (Duff Report) . .
2. Medicines and Healthcare Products Regulatory Opp osite Of What was lntended .

Six men in intensive care after drug trial
goes wrong

- Volunteers were testing treatment for arthritis
- US company says adverse reaction is 'extremely rare'

April 2009

March 2006

Agency Autoimmune model improvements
seen 1in rodents do not translate to
humans.

Monkey studies:

Monkey T cells have very little
CD28, so no dangerous activation
was seen even at high doses.

Starting human dose was set too
high for FIH because it relied on “no
harm” dosing in monkeys.

September 2006 April 2006

Take homes

Animal studies missed the
danger because rodents and
monkeys have important
differences from humans in
their immune system.

2007 - 2015

There are different reasons for
the failure to predict trouble in
the different species.




Human Microphysiological Systems (MPS) as Drug Development Tools
(DDTs) for the Accelerated Development of Safe and Effective Drugs

The Drug Development Bottleneck
More than 90% of leading drug candidates fail to gain FDA approval for patient use
The cost of failures late in the drug development pipeline is $2.6B per drug, adding to over $100B annually

This bottleneck prolongs human suffering, burdens the health care system, and raises the costs of prescriptions

MPS ‘chips’ feature human
cells organized as 3D tissues
to yield preclinical indications

that are more predictive of

success in clinical trials.

Drugs are currently selected
for advancement to clinical
trials based on safety and
efficacy tests in mice and
studies of cells in a dish.

MPS

sample-in

DDT

Unlike mice, MPS chips can
be configured in high-
throughput formats for

rapid drug screening (DDT).

answer-out

Automated
Reproducible
Well-controlled
Specific context of use




CONGRESSIONAL ACTION

In Fall ‘22 congress passed the FDA Modernization Act 2.0... And now a new Bill the FDA Modernization Act 3.0...

... to replace or reduce animal testing and ...
improve the predictive of nonclinical testing for
safety and efficacy or reduce development time

for a drug

C 7\

... to allow for alternatives
to animal testing for
purposes of drug and

biological product
applications. (

C D)

... such as ... /

microphysiological systems ...

... establish a process for
the qualification of a
nonclinical testing method,
with respect to drugs ..




FDA ROADMAP SETS AN AGGRESSIVE PACE FOR REPLACING
ANIMAL MODELS IN PRECLINICAL TESTING

>

disease susceptibility and progression.> Moreover, some safety risks may go undetected in animals - a
notable example is the mAb TGN1412, which caused a life-threatening cytokine release syndrome in human
volunteers despite appearing safe in preclinical monkey studies. That tragedy highlighted the limitations of
animal models for certain immune-activating mAbs and spurred efforts to develop in vitro assays to better
predict human-specific responses (7).

FDA Roadmap to Reducing Animal Testing (2025-2029)

2025-

2026+

2027+

= Roadmap released - Pilot NAMs (mAbs)

» Expand guidance - Workshops

+ Publish guidance - Evaluate pilots

2028t Scale NAM adoption - Rulemaking

2029+

= Full implementation — Rare animal use




NON-ANIMAL MODELS ARE POISED FOR GROWTH, EVEN IN
TROUBLING TIMES FOR BIOMEDICAL RESEARCH FUNDING



Animal Welfare x *Have funds for
Organizations MPS research

The Marty Project




Organo,'ds

WHEEL OF NAMS

NAMS = Non-animal models?
New Approach Methodologies

Microphysiological Systems (MPS): An umbrella term
encompassing OoCs and tissue chips, but also including
multi-organ “body-on-a-chip” and other engineered culture
models that recapitulate human physiology.

Organ-on-a-Chip (OoC): The earliest and most widely
recognized term, usually referring to microfluidic devices

engineered to mimic the structure and function of a single
organ.

Tissue Chips: A term popularized by NIH/NCATS (through
the Tissue Chip for Drug Screening program) and the FDA,
referring to OoC/MPS platforms explicitly aimed at
regulatory science and drug development.

Organoids — 3D self-organized stem-cell-derived mini-
tissues, not necessarily on chips.

Computational Models — in silico methods: Al, machine
learning, PK/PD models, systems biology.



Drug Development Tool (DDT)

DDTs are methods, materials, or measures that can potentially facilitate

drug development. _
Animal model

Biomarker

FDA DDT Qualification Program Clinical outcome assessment

* To encourage development of DDTs for unmet need contexts of use (COU)

« To encourage collaborative groups to undertake DDT development programs

« To encourage innovation in drug development

« To create a shared learning environment for exchanging information on DDT
development

UNIVERSITY OF ROCHESTER CLINICAL AND TRANSLATIONAL SCIENCE INSTITUTE



Qualification Process Stages

Reg u Iatory P rocess for D DTS « Letter of Intent 3 » > > 3 months

* Qualification Plan 3 > S 6 months

* Full Qualification Package 3 >3 3 > 10 months

1. Is it complete and reviewable? D
2. Comprehensive review > >

m 3. Analysis of review and determination letter > >

Context of Use Stat t
Letter of Intent (LOI) ontext of Use statemen

Submission Title A statement that fully and clearly describes the way the
Requesting Organization drug development tool will be used and the drug

Drug Development Need Statement development-related purpose of the use.

ISTAND Applicability Statement ... COUs that do not address a specified drug development

Context of Use Statement use are outside the scope of the program.

Drug Development Use

Technical Description Context of Use:

Previous Regulatory Interactions The uSiM-CA is an in vitro assay that quantifies the capacity of S. aureus to
enter submicron spaces that mimic the physical restrictions of the OLCN.

ONOORA WD =

UNIVERSITY OF ROCHESTER CLINICAL AND TRANSLATIONAL SCIENCE INSTITUTE 2



Qualification

A conclusion from the FDA, that within this very
precise Context of Use, the DDT can be relied upon
to have a specific interpretation and application in
drug development and regulatory review

A company can
count on it to work

The FDA can count
on the results

UNIVERSITY OF ROCHESTER CLINICAL AND TRANSLATIONAL SCIENCE INSTITUTE




Improve Clinical Trials

1. Patient safety
2. Patient stratification
3. Rare disease

‘Discovery chips’ ‘Regulatory chips’/

B&L /

Abbvie

UBC (UK)
Apoglyx (Sweden)
Pfizer

v v v v v

UNIVERSITY OF ROCHESTER CLINICAL AND TRANSLATIONAL SCIENCE INSTITUTE
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|
Translational Center for Barrier Microphysiological Systems - TraCe-bMPS

Joan Adamo, PhD
Director, Office of Regulatory Support
Clinical Translational Science Institute (CTSI)

RIT
Hani Awad, PhD A .

Donald and Mary Clark Distinguished Professor of Orthopaedics
Associate Director of Center for Musculoskeletal Research
Professor of Biomedical Engineering

James McGrath, PhD
William R. Kenan Professor of Biomedical Engineering
Director of TraCe-bMPS

Jonathan Flax, PhD, Urology

Ben Miller, PhD Harris Gelbard, MD, PhD, Neuroscience
Dean’s Professor of Dermatology Jeanne Holden-Wiltse, MPH, MBA, CTSI Informatics
Professor of Biochemistry and Biophysics, Biomedical Minsoo Kim, PhD, Dept. of Micro. and Immunology
Engineering, Optics Richard Waugh, PhD, BME (Emeritus)

Academic Lead for Photonic Sensors in AIM Photonics Niccolo Terrando, PhD, Dept. of

George Truskey, PhD - Anesthesiology

- R. Eugene and Susie E. Goodson — :
Professor of Biomedical Engineering R J T Vinay Abhyankar, PhD, BME

Past Associate Vice President for Research at Duke University el (€El2eil; 1), [E]=
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Original Yeal' 1 plans Focused on discovery, mechanism of action, lead compound optimization

Disease DDT COou
Osteomyelitis - A persistent bone infection . Drugs that block S. aureus invasion
occurring in 1-5% of elective orthopedic uSiM-CA of the osteocyte canalicular network

surgeries caused most often by S. aureus.

Multiple Sclerosis - Autoimmune disease where Drugs that limit the ability of

T-cells destroy myelin and injure nerves. Affects SiM-CVB lymphocytes to cross the blood-
: uSi : )

~1M Americans. brain barrier

Tendon Injury - Healing via a fibrotic scar risks
re-injury and morbidity. Significant

Anti-inflammatory treatments that

socioeconomic burden and diminished of life. hToC limit scar formation
Sepsis - Dysregulated immune response to
infection that can lead to multi-organ failure. SIM-MVM Drugs that restore ability of neutrophils to
Largest cause of deaths in US hospitals. pstivi- home to source of infection
Juvenile Dermatomyositis - An autoimmune
myopathy affecting 2-4 million children each SiM-hMoC Drugs that reduce the infiltration of
year. Immunosuppressive therapies associated SSUE e circulating i '
el Uik = ulating immune cells into muscle or
with significant toxicity. the inflammation it causes

UNIVERSITY OF ROCHESTER CLINICAL AND TRANSLATIONAL SCIENCE INSTITUTE




Quality System — Design and Implementation

—\ s

Collect and formalize all research steps into
Standard Operating Procedures (SOPs)

CA-20_Ver 01 - Making TSB media

Over 50 SOPs have been written

CA-21_Ver 01 - Starting a Bacterial Culture from a Frozen Glycerol Stock

CA-22_Ver 01 - Starting a Bacterial Culture from a Streak Plate ~1 8 layl ng the overa I'l' fou ndation for fUtu re StUd ieS

CA-23_Ver 01 - Quantifying Growth of Staphylococcus aureus on a Spectrophotometer ~35 Wh IC h are p rOJeCt'S peC Ifl C

CA-24_Ver 01 - Subculturing Staphylococcus aureus Bacteria
CA-30_Ver 01 - Loading Control, Reference and Test Samples into Devices

CA-31_Ver 01 - Acquiring Data Sets on a Spinning Disc Confocal Microscope

UNIVERSITY OF ROCHESTER CLINICAL AND TRANSLATIONAL SCIENCE INSTITUTE




Quality System — Design and Implementation

-

Collect and formalize all research steps into
Standard Operating Procedures (SOPs)
Internal labs

Technology
Transfer

External, - RIT

independent labs

UNIVERSITY OF ROCHESTER CLINICAL AND TRANSLATIONAL SCIENCE INSTITUTE



Reproducibility testing of uSiM-CA DDT

Reproducibility by Internal Development Team

WT USA300 non-porous (NP)
Condition Sample

physical control | WT USA 300 non-porous (NP)
molecular control | APBP4 USA300
active sample | WT USA 300

APBP4 USA300

Assay was repeated three times over the

course of several months and results were
reproducible

WT USA300

UNIVERSITY OF ROCHESTER CLINICAL AND TRANSLATIONAL SCIENCE INSTITUTE
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Milestones

UNIVERSITY OF ROCHESTER CLINICAL AND TRANSLATIONAL SCIENCE INSTITUTE



MSiM-hMoC to Better Replicate Juvenile dermatomyositis (JDM)

E2-E3 — Perfusion of hVasc
E1-E4 — Perfusion of hMoC

Established human Myobundle on Chip
(hMoC)

Testing IFN- treatment on endothelial
cells and myobundles

Context of Use

Human skeletal myobundles treated with interferon-f3
(IFNB) are a drug development tool used to assess the

E o T 00512 range of efficacy of candidate therapeutics to inform
E_“- ?—“‘ T dosing for clinical trials to treat Juvenile Dermatomyositis.
go.s— Sisl g Results from this pSiM-hMoC system will provide a more
'S oaf ‘gm- efficacious dosage range for regulatory decision-making
£l 8ol T to enable Phase 1 clinical trials.
20.2 ﬁ
00 14 Day 17 O 14 Day 17

Nonporous Membrane Nonporous Membrane

UNIVERSITY OF ROCHESTER CLINICAL AND TRANSLATIONAL SCIENCE INSTITUTE 13



Rare Disease Focus

Improve Clinical Trials

1. Patient safety
2. Patient stratificatior.
3. Rare disease

‘viscovery cnips Regulatory Chips’/

/

B&L " 4
Abbvie

UBC (UK)
Apoglyx (Sweden)
Pfizer

v v v v v

UNIVERSITY OF ROCHESTER CLINICAL AND TRANSLATIONAL SCIENCE INSTITUTE




uSIM-hMoC for Juvenile

Dermatomyositis -
3. Drug Development Need Statement: Describe the drug development need that Lette r Of I n te nt

submission is intended to address, including (if applicable) the proposed benefit over
currently used tools in similar contexts of uses (COUs). (200 words maximum target)

Juvenile Dermatomyositis (JDM) is a highly morbid systemic disease with unknown cause or
cure. JDM is the most common pediatric inflammatory myopathy, yet US annual incidence is
only 2 to 4 cases per million’2. Approximately 60% of patients develop a chronic course.

Standard treatments frequently cause significant toxicity, increase infection risk, and are not

always effective®. Treatments include methotrexate, often causing nausea and hepatotoxicity?*,

and prolonged high-dose
growth, and bone health
diminished quality of life

5. Context of Use Statement: A statement that fully and clearly describes the way the drug
development tool will be used and the drug development-related purpose of the use.
Examples of COU statements are available on the Biomarker Qualification Submissions
JDM pathogenesis involv{ and the Qualified Biomarkers web pages. Please note that drug development tools are
qualified as tools to aid in drug development. While such tools may be used for other

LOI)

pathway and increases in

erpetuate inflammation PUrPOses (e.g., to aid in clinical decision making), COUs that do not address a specified Title
e 1314 drug development use are outside the scope|of the program. Only a single COU should be ) )
pathogenesis™ ™. included in your LOL. (250 words) ) Organ ization

Animal models replicate

Human skeletal myobundles treated with interferon-B (IFNB) are a drug development tool used Opment Need Statement

weakness onset at a your to assess the range of efficacy of candidate therapeutics to inform dosing for clinical trials to ) p|lcabl|lty Statement
treatment or reduced cot

treat Juvenile Dermatomyositis. Results from this pSiM-hMoC system will provide a more
have been underpowere{ _¢. _ . ol . - . Use Statement
efficacious dosage range for regulatory decision-making to enable Phase 1 clinical trials.

need to develop new apg Opment Use
Conditions for use: ) eSCI‘iption
egulatory Interactions

to inform regulatory deci

1. Drug candidate addresses key features of |[FN | response and muscle responses.

2. Standardized protocols are applied to assess contractile force and release of intracellular
enzymes.

3. Results from the assay are included in an IND submission for JDM.

UNlVERSITY OF ROCHESTER C TMINTOUMAL AINL TINAAINULATITVUINAL ODUITLINULL TINVUTTTU T LI 15




Year 2 and Beyond

Disease DDT COou
Juvenile Dermatomyositis - An Human skeletal myobundles treated with
autoimmune myopathy affecting Interferon B are drug development tools

MSIM-hMoC to assess the safety range of candidate
therapeutics that inform doses for clinical
trials to treat Juvenile Dermatomyositis

children. Immunosuppressive therapies
associated with significant toxicity.

Evaluating capacity of
immunotherapy-generated CRS to
trigger blood brain barrier
breakdown

ICANS — Neurotoxicity from -
Immunotherapy (ex. CAR T) nSiM-ICANS

Rheumatoid arthritis — platform for drug
efficacy in the treatment or RA and other hJoC Discovery Chip
Rheumatoid disorders

Macular Degeneration — Platform for retinal hBRB
permeability and mechanism of
action/toxicity discovery

Discovery Chip

Status

Developing LOI with C-Path

Developing LOI with C-Path

Phase | project sponsored
by Abbvie

Phase | project sponsored
by B&L

UNIVERSITY OF ROCHESTER CLINICAL AND TRANSLATIONAL SCIENCE INSTITUTE



BUILD YOUR OWN TISSUE CHIP

% 1. Define Disease Context

|dentify the relevant tissue unit (e.g., BBB, alveolus) and pathophysiological hallmarks (e.g., barrier leak,
edema), and clinical benchmarks (biomarkers, imaging, PK/PD) to emulate.

2. Formulate the Hypothesis and/or Drug MOA
Pose a mechanistic hypothesis (dysregulation of protein Y amplifies pathway Z; Drug X reduces pathology
via Mechanism Y). Clarify causal pathways and required perturbations (e.g., cytokines, shear). Define
guantitative success criteria.

3. Engineer the Microenvironment
What cells are needed and how will you source them (primary or iPSC). Start with a minimum. What matrix
materials (eg. collagen IV, laminin) are required? Key biophysical inputs (eg. shear, stretch) or biochemical

(eg. cytokines, oxygen)? . Include disease triggers (e.g., LPS) or systemic contributors (eg., immune system)
for fidelity. START WITH A CARTOON.

4. Specify Functional Readouts

Select phenotypic (TEER, permeability), molecular (cytokines, RNAseq), and structural (tight junctions)
metrics. Align each with clinical analogues and define quantitative acceptance thresholds.

5. Design the Chip Layout

Choose appropriate architecture (e.g., dual-channel, stacked membranes), with input/output ports,
sensors (TEER, imaging), and multiplexable sampling. Enable automation and scaling.







MODELING SYSTEMIC INFLAMMATION LEADING TO BRAIN INJURY
GUIDEPOSTS AND INSPIRATIONS

“In AD, patients who may have been previously resilient
to their underlying neuropathology, commonly experience
an abrupt worsening of cognitive impairment after
hospitalization for critical illness.” - Ben Singer, MD (U.
Michigan)

Many scenarios where ‘cytokine storm’ advances
neurodegenerative disease and causes cognitive decline:
1) Sepsis (A. Pietropaoli); 2) Surgery in older adults (N.
Terrando); 3) Acute lung injury (H. Gelbard); 4)
Immunotherapies (CAR T, bispecific mAbs - M. Kim).

Leukocytes as an agent  Trzeciak, et al. J Immunol, 2019. 203(11):2979-2989.
of brain injury ... Andonegui, et al. (2018). JCI Insight 3(9): €99364.

Leukocytes enter the brain at the post-capillary venule ... which
is two barriers in series

Engelhardt, B.,

etal., 2017.
o Teob So our lab is building ‘healthy’ and
‘vulnerable’ models of the blood brain
ol Fep 1007 barrier at the post-capillary venule

(2015) 1040-54.




Blood-Brain Barrier

Brain Barrier Blood Barrier

MODELING THE POST CAPILLARY NEUROVASCULAR
UNIT ON THE pSIM: A STEP BY STEP PROCESS

\v °® 5 ® ° o 2 o ; . B I OOd
o ) o . ° ° o ® ) S
~ \, o, 2 5 Basemen t membrane @
3 R s °
cyte — ° o
o o e

Leuko
o




DIFFERENTIATION OF iPSCS for the pSiM - pcNVU

Gae;etal 2020 StemGCellKit) ... Peripheral Blood Derived Monocytes

Gastfriend et al., 2021

Perroit et al, 2021

Nishihara et al., 2020

<+—— Blood Barrier

Parenchymal
A——

Barrier

McQuade et al., 2018

[1] A. McQuade, Mol Neurodegener 13(1) (2018) 67 [2] B.D. Gastfriend, Curr Protoc 1(1) (2021) e21 [3] H. Nishihara, B.D. Faseb. J. 34(12) (2020) 16693-16715



BMECS / PERICYTES CO-CULTURES ON EITHER SIDE OF
AN ‘INVISIBLE® NANOMEMBRANE

Continuous Endothelial Cells

' g
Is a shared layer in \

contact with both cell types Sparse pericyte

w/ Tom Gaborski and
Louis Widom @ RIT

BMECs (VE-cadherin)

l

Pericytes (PDGFRD)



COMPOSITION OF THE BASEMENT MEMBRANE

BMECs  Laminin t

T Fibro?nectin
?

Pericytes

Laminin is diffuse
and planar

Fibronectin is fibrous with
more toward the membrane

Michelle Trempel



Neutrophils Tratficking Across an Isogenic BBB Model

PMNs on
top of BBB

|

Phase contrast imaging @ 40X

Blood

Perivascular Space




BBB RESPONSE TO ‘CYTOMIX’ (EQUIMOLAR IL-1B; TNF-a; IFN-y)

McCloskey and Ahmad et al., 2024 Biomaterials Research 28:0081

Orhun, G., et al. (2019). "Association Between Inflammatory Markers
and Cognitive Outcome in Patients with Acute Brain Dysfunction Due
to Sepsis." Arch Neuropsychiatry 56(1): 63-70.




BUILDING THE VULNERABLE BRAIN ... 1) BY ENGINEERING THE CELLS

< BMECs only ...

Alexis Feidler|/”” cytomix = 10 pg/mL

TNF-a, INF-y, IL-1p

Alzheimers

Tleaky
l tight
sublethal
2) BY ENGINEERING THE ENVIRONMENT?
Basement membrane degradation, pericytes ‘loss,’
and a ‘leaky’ BBB are characteristics of the aging
brain ... o)
e Banks,. et al. Nat Aging 1, 243-254 (2021) =
e Berthiaume, et al., Nat Commun 13(1) (2022) 5912. 2’ no treatment 24 hour SLO

® Farkas and Luiten, Prog Neurobiol 64(6) (2001) 575-611.
® Ceafalan, et al. J Cell Mol Med 23(2) (2019) 819-827.
® Nehra, et al., Fluids Barriers CNS 21(1) (2024) 29.

Fathi, et al., Aging Cell 21(1) (2022) e13541.

w/ Alexis Felder and Chris Proschel




SHEAR CONDITIONING PROMOTES MICROVASCULAR ENDOTHELIAL BARRIER RESILIENCE IN A
HUMAN BBB-ON-A-CHIP MODEL OF SYSTEMIC INFLAMMATION LEADING TO ASTROGLIOSIS

First Successful Transduction of Systemic Inflammation into Neuroinflammation in the uSiM-BBB

Kaihua (Chloe) Chen

Flow Insert
&

uSiM-BBB

reservoir with  fluidic uSiM-BBB
pro-inflammatory
factors

Shear conditioning of BMECs for
48 hours improves barrier
function and dampens several
inflammatory responses

+ Introduction of pro-
inflammatory factors after
conditioning

Measurement of barrier function
and astroglyosis marker (GFAP)

Development/Plasticity/Repair

The Journal of Neuroscience, April 28, 2010 - 30(17):5843-5854 + 5843

Fibrinogen Triggers Astrocyte Scar Formation by Promoting
the Availability of Active TGF-f3 after Vascular Damage

Christian Schachtrup,’ Jae K. Ryu,' Matthew J. Helmrick,' Eirini Vagena,' Dennis K. Galanakis,’ Jay L. Degen,*

Richard U. Margolis,” and Katerina Akassoglou'

'Gladstone Institute of Neurological Disease and *Department of Neurology, University of California, San Francisco, San Francisco, California 94158,
3Department of Pathology, State University of New York, Stony Brook, New York 11794, “Children’s Hospital Research Foundation and the University of
Cincinnati College of Medicine, Cincinnati, Ohio 45229, and “Department of Pharmacology, New York University Medical Center, New York, New York

10016

Barrier function affected by
cytokines, not fibrinogen

Astrocytes are activated by
fibrinogen after BBB breakdown

Fibrinogen in Brain Injury and
Neurodegeneration (Akassoglou Lab)

Dean T, Mendiola AS, Yan Z, Meza-Acevedo R,
Akassoglou K. Fibrin promotes oxidative stress
and neuronal loss in traumatic brain injury via

innate immune activation. Acta Neuropathol.
2024.

Petersen MA, Ryu JK, Akassoglou K.
Fibrinogen in neurological diseases:
mechanisms, imaging and therapeutics. Nat Rev
Neurosci. 2018;19(5):283-301.

Schachtrup C, Ryu JK, Meyermann R, et al.
Fibrinogen inhibits neurite outgrowth via 33
integrin-mediated transactivation of the EGF
receptor. Proc Natl Acad Sci USA.
2007;104(26):11814-11819.

Wood H. Fibrinogen links vascular pathology to
cognitive decline. Nat Rev Neurol.2019;15:187.

Davalos D, Ryu JK, Merlini M, et al. Fibrin-
targeting immunotherapy protects against

neuroinflammation and neurodegeneration. Nat
Immunol. 2018;19(12):1315-1323



CAR T IMMUNOTHERAPY HAS MAJOR SIDE EFFECTS THAT WE CAN MODEL

R/R = relapsed /
refractory B-cell
lymphomas

CRS = Cytokine Release Syndrome. More frequent but well-managed.
ICANS = Immune Effector Cell-Associated Neurotoxicity Syndrome. Downstream of CRS. More dangerous risk.



——>» BiTEs

Herrera, M. et al. Bispecific antibodies: advancing
precision oncology. Trends Cancer 10, 893-919
(2024). https://doi.org/10.1016/j.trecan.2024.07.002

Whole blood assay ——v——>
produces CRS

Would facilitate CRS generation ... Patient
specific testing in clinical trials), multiplicity
of donors for pre-clinical safety

Nonclinical Evaluation of
the Immunotoxic Potential

of Pharmaceuticals
Guidance for Industry

Bispecific Antibody

Development Programs
Guidance for Industry

U.S. Department of Health and Human Services
Food and Drug Administration

INDICATIONS AND USAGE
cific CD19-directed CD3 T-cell engager indicated for
the treatment of adult anmomh and older with:

e CDI19-positive B-cell precursor acute lymphoblastic leukemia (ALL) in
first or second complete remission with minimal residual disease (MRD)
greater than or equal to 0.1%. (1.1)

e Relapsed or refractory CD19-positive B-cell precursor acute lymphoblastic
leukemia (ALL). (1.2)

WARNING: CYTOKINE RELEASE SYNDROME and
NEUROLOGICAL TOXICITIES including IMMUNE EFFECTOR
CELL-ASSOCIATED NEUROTOXICITY SYNDROME
See full prescribing information for complete boxed warning.

e Cytokine Release Syndrome (CRS), which may be life-threatening or
fatal, occurred in patients receiving BLINCYTO. Interrupt or
discontinue BLINCYTO and treat with corticosteroids as
recommended. (2.4, 5.1)

¢ Neurological toxicities, including immune effector cell-associated
neurotoxicity szndrome !ICANS!'é which may be severe,
life-threatening, or fatal, occurred in patients receiving BLINCYTO.

Interrupt or discontinue BLINCYTO as recommended. (2.4, 5.2)

INDICATIONS AND USAGE
EPKINLY is a bispecific CD20-directed CD3 T-cell engager indicated for the
treatment of adult patients with relapsed or refractory diffuse large B-cell
lymphoma (DLBCL), not otherwise specified, including DLBCL arising from
indolent lymphoma, and high-grade B-cell lymphoma after two or more lines
of systemic therapy. (1)

This indication is approved under accelerated approval based on response rate
and durability of response. Continued approval for this indication may be
contingent upon verification and description of clinical benefit in a
confirmatory trial(s).




uSIM-ICANS DRUG DEVELOPMENT TOOL

CRS
‘generic’ BBB
isogenic cells from iPSCs
not-patient specific
| CRS Chip ICANS Chip |
CRS Chip ICANS Chip

9 | 1. Patient specific CRS plasma* 4. Leukocyte infiltration **

'C | 2. BBB permeability** 5. Astrocyte activation

@ | 3. Fibrinogen leakage* (Morphology, GFAF, S100B)**

=

Methods: *integrated sensors; ** imaging



CONTEXT OF USE

PRECLINICAL SAFETY

The uSIM-CRS-ICANS will be used to evaluate the safety of monoclonal
antibody (mAb) immunotherapies, including bispecific antibodies
(bsAbs), targeting hematologic malignancies to enable risk assessment of
CRA and ICANS, and to inform dose justification for Investigational New
Drug (IND) applications prior to first-in-human trials.



TAKE HOMES

1. Why Non-Animal Models?

TGN1412 failure 1s a stark case study: rodent and monkey immune systems lacked key human CD28 biology, leading to catastrophic
first-in-human trial results. Even “humanized” animals cannot fully replicate human physiology.

Animal data gaps contribute to high late-stage drug failure rates (over 90%), costing $100B+ annually.

2. Regulatory and Societal Drivers

FDA Modernization Act 2.0 (2022), and the upcoming 3.0 version,
development.

The FDA Roadmap proposes an aggressive shift to non-animal mod

enable use of validated non-animal alternatives in drug

els (animals testing is rare by 2029).

Funding streams are shifting, with both regulatory bodies and animal
model development.

3. The Landscape of Non-Animal Models (NAMS)

-welfare organizations directing support toward non-animal

MPS = Organ-on-Chip + Tissue Chips; Organoids; Computational Models

Collectively, these form the “Wheel of NAMS” —a toolbox of complementary approaches.

4. A Strategic Imperative to Medical Research Institutions

Non-animal models are not only ethically attractive but also scientifically necessary to overcome the translational gap in many cases.

They align with regulatory momentum and are gaining traction even amid funding headwinds in biomedical research.

Institutions like TraCe-bMPS position themselves at the intersection of engineering, biology, and regulatory science to push these

tools toward qualification and adoption.
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