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Abstract: The des

An optical sensing :
surements of pH, dissolved oxygen, and optical density
in a 2 mL working volume. The K, a of the microbiore
tor was evaluated under different conditions. An E.
erichia coli fermentation in both the microbioreactor and
a standard 1 L bioreactor showed similar pH, dissolved
oxygen, and optical density profiles.

The low cost of the microbioreactor, detection system,
and the small valume of the fermentation broth provide
a basis for development of a multiple-bio r system
for high-throughput bioprocess optimizati 2001 John
Wiley & Sons, Inc. Biotechnol Bioeng 72: 346-352, 2001.
Keywords: microbioreactor; optical sensing; fermenta-
tion
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CAST Core Competence: Innovative Sensor
Technologies

What? Disruptive Innovation leading to Paradigm Shifting
Practices

Why? Reduce Healthcare Costs
How? Low-cost Integrated Opto-electro-bio-mechanical Devices
MLK: Life's most persistent and urgent

guestion is, 'What are you doing for
others?'
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Norm Augustine, Author of Augustine’s laws




Per capita health spending is now >$12,000, or $3.85 trillion in 2018,
almost certain to cross $4 trillion for 2019.

» Of the $3.3 trillion spent on healthcare in 2016, $450
billion was spent on pharmaceuticals, including
rebates™

* Biologics: 2% of all US prescriptions but 37% of net
drug spending and over 90% of net growth in drug
spending™*

* 1in 4 patients report difficulty in affording their
medicine**

* Patients can pay thousands of dollars out of pocket for
specialty tier drugs, even with insurance coverage

2017, IQVIA
**2019 KFF Health Tracking Poll

Augustine Equation: Cost, as a fraction of GDP (in percent) = 0.25 Y—487, where Y Is
the calendar year of interest. In 2018, 18.5% of GDP was spent on healthcare

WE CAN AND MUST FIX THIS HERE AND NOW!






A year of wages no longer covers a year of
family expenses
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performance

Markets and Technology
Innovations

disruptive
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performance that
market can absorb

Adapted from The Innovator’s Dilemma, Clayton Christensen
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The decentralization that follows centralization
IS only beginning in healthcare
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UMBC Bio-MOD Platform

Developed from DARPA funding, part of DARPA'’s Battlefield
Medicine Program

Compact and robust system, designed for the automated
manufacture of biologics at the point-of-care.

Includes end-to-end manufacturing chain (including downstream
processing) in continuous flow within a microfluidics-based
platform

* Dbuilt in expression, purification and onboard quality control
capabilities.

Designed for operational rigor and reproducible protein production
within a few hours.

Successfully demonstrated POC with several target proteins,
Including relevant molecules of interest to the military and
biodefense communities.



GOAL: Replace this...

Train A Train B Train C




Modular, Disposable, GMP Capable Biologics on Demand




Rapid Expression via in vitro Translation (IVT)
RNA

CHO Cells T7 RNA Polymerase
Nucleotides
ATP

DNA Template

[<( Translation
v

Protein
7

Translation Factors
,‘ Amino Acids
A Ribosomes
\ ATP

» 15.0L+ Bioreactor
Batch Culture

* Lysis (Cavitation)

» Differential

» Advantages of in vitro translation (IVT):

centrifugation to * No cell line development
isolate critical * No seed train, passaging, or transfection
organelles - All live culture scale-up done off line in generic

» Lyophilized single batches



CHO cell-free Lysate Manufacturing Process

Harvest -
15 L bioreactor spin down cells and wash

Lyse cells using Spin to ERIONE lysate Lyophilized
nitrogen cavitation cellular debris product



Lyophilized and reconstituted lysate, CHO GFP expression

Under normal light

Under UV light
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2nd Generation
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Emerging Infectious Diseases - Zika

Mosquito born Zika outbreak is rapidly spreading in Americas...

2016 LT
< 2005 T
Texas ——s : e
2015 T o g e
gl \ }'.."L
I Ay ) ¢ > — 7 1 ...
3 / -— 2004 3 .
7 South America
: p g
w8 o
aster Island L3
-

A guote from news:

“The Centers for Disease Control in Atlanta, Georgia, warned last week there now are 107 travel-related cases of
the Zika virus in 24 states and the District of Columbia.

It issued a travel advisory for pregnant women and others who are planning to attend the 2016
Summer Olympic Games in Rio de Janeiro, Brazil, from Aug. 5 to 21.”
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Figure 5: Bio-MOD Purification of Humira mAb using Protein A/G pcolumn
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Concept for Facility of the Future: JHU Focus Group Led Design
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biomedical cnNgineering https://doi.org,/10.1038/541551-018-0259-1

Point-of-care production of therapeutic proteins
of good-manufacturing-practice quality
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Search FDA

Home = Emergency Preparedness and Response = Counterterrorism and Emerging Threats — Medical
Countermeasures Initiative - About MCMi

FDA Approves Radiation Medical
Countermeasure

[ SHARE ] LINKEDIN | I PINIT | [ EMAIL ] PRINT

FDA approves Neupogen for treatment of patients with radiation-
induced myelosuppression following a radiological/nuclear incident

On March 30, 2015, FDA approved use of Neupogen (filgrastim) to treat adult and




Daily Manufacturing Schedule

Bio-Process
Setup

Buffer prep
Measure / aliquot
reagents and adjust pH

Auto Priming

Insert Cassette
into Bio-MOD

3 = for purification
10 P 2
9 ACI | F’j

] 8 Hrs 4
Incubation 7 s 5
Incubate @ 30°C, /)\[ \
150 rpm for 6hrs a-x____‘L_,,/
Expression Setup P Start B End Captured and

- &% polished product

Reconstitute Lysate =
and add necessary Collect final product
reaction components ' *F’ in sterile tube

Bio-MOD Process Clock
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Study Design and Timeline

N No treatment
n=10 - : .
Daily Cageside Observations
0 Gy (Sham) Body Weight Measurements
A Control Article [ ]

N =40 C57BL/6J mice

c
i)
®
(40 M) B 1Bl —» (Saline; SC) __» Euthanasia
E n=15 5d 10d 15d 20d 25d 30d
2 Week Acclimation: o 0Gy(n=10) LD50/30 é 'y & Py ¢ ¢
Ear Tagging, Acclimation, 5 LD50/30 (n = 30)
Cageside Monitoring, x Test Article
Blood Sampling, Body DO (125 nglkg G-CSF-His; Key:
Weight Measurements - 5C) & = Blood Draw
n=15
LD50/30
D1-D16

The study will enroll up to 40 animals exposed to sham or total body irradiation (TBI). Blood will be collected at baseline and at
scheduled timepoints post-irradiation. Animals receiving test or control article will be treated beginning 24 £ 2 hours post-irradiation
(D1) and treatment will continue daily until D16. Animals will be monitored for 30 days post-exposure.

Study Initiation October 24, 2018

Receipt of Animals November 14, 2018
Allocation of Animals November 13, 2018
Irradiation (DO) November 29, 2018
Treatment Initiation November 30, 2018
Dosing Completion December 15, 2018
Experimental (In-life) End December 29, 2018

34



Kaplan-Meier curves for 30-day survival

6.18 Gy TBI
—«- ShamiR
0 -
| - TBl+Control
= 80- » -=- TBI+GCSF
>
E 60-]
"
=
40+
]
=
[
o 20-
0—t+r—rrrrrrr B BRI 1
0 10 20 30
Study Day
Treatment Radiation Radiation Group Number of Survivors
(Tx) Group Exposure Dose (Gy) Size at D30
No Tx Sham 0 10 10
Saline TBI 6.18 15 12
G-CSF-His TBI 6.18 15 15
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BIOTECHNOLOGY
RESEARCH ARTICLE PROGRESS

Bioseparations and downstream processing

Manufacturing biological medicines on demand:
Safety and efficacy of granulocyte colony-stimulating
factor in a mouse model of total body irradiation

Rajani Adiga® | Abhay Andar' | Shayan Borhani® | David Burgenson® |
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Leah Tolosa® | Mike Tolosa® | Zeljko Vujaskovic? | Chelsea Wagner? |

Lynn Wong® | Andrew Zodda?



This is now personal
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Call your doctor for medical advice about side effects.
You may report side effects to the FDA at 1-800- FDA-1088.
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GE Healthcare Collaboration
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Mon-contact or hon-invasive parameter sensing.

Brings LIGHT
o
LIFE

CAST

Center for Advanced Sensor Technology



The Eureka Moment!
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Top view
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Current practice for blood glucose — collect
blood by arterial/venous draw or a heel lance

SCA (S)

Tirme (seconds)

Arch Dis Child Fetal Neonatal Ed 2000;83:F143—
F147

Causes pain and undue distress
with short and long term

47




Transdermal Glucose Monitoring Concept

Figure 1 Noninvasive glucose monitoring
;_system for the neonatal intensive care unit:
“(left) Sample head for the noninvasive
transdermal measurement of glucose on the
thigh of the neonate; (right) the complete
system showing the instrumentation.

Alcohol Wash/
Purified Air

) Fluorimeter Figure 2 The noninvasive glucose

monitoring system for neonates showing the
fluidic system with the sample head affixed

Realtimeglucose quantitation  to the intact skin and the analytics system
= m‘ comprised of the fiber optic biosensor,

' - : fluorimeter and read out
( uorimeter and read out.
‘,\ Ghesse 77 -y SKIN
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PBS

Heated coil

Sample Hea




Adult data show good correlation between blood
glucose and transdermal glucose

blood glucose, mM
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Correlation between the initial transcutaneous diffusion rates and their respective
arterial blood partial pressures for 9 neonates with NO prior calibration!

plot of O2 diffusion rate vs. arterial O2 plot of cO2 diffusion rate vs. arterial cO2

=1 =]

020
|

045
\

Q2 diffusion rate (ppmys)
040
|

(02 diffusion rate (ppms)
0

035
|

030
|

A0 G0 80 100 120 20 A0 S0 18] 70

Aterial measure of Q2 (mmHg) Aterial measure of cO2 (mMmHg)

Plot of transcutaneous diffusion rates vs. arterial blood measures of O, and CO, along with a line
fitted using a quadratic regression model. Normal paCO, range is 40- 50 mm Hg and hypocarbia is <35
mm Hg, hypercarbia is >55 mm Hg. The normal paO, range in adults is 80-100 mm Hg at sea level. For
preterms, the risk for retinopathy of prematurity is when paO, >80 mm Hg.



Adherence (Active)/Compliance (Passive) Problems Increase Costs by $350 Billion/yr

Unintentional Intentional
Forgetting Mistrust
Shift work Fear of side effects (actual or perceived)
Confusion Cost
Work restrictions Mental iliness
Mental illness Lack of belief in benefit
Memory loss Fear of dependency
Lack of time Fear that medication is dangerous
Lack of desire
No apparent benefit

Table I. Behavioral factors responsible for patient lack of adherence to
physician advice and/or compliance with treatment regimen.
https://lwww.aafp.org/fpm/2013/0300/p25.html#pm20130300p25-b2




How to improve? Integrate Health Status Monitoring Into Daily Routine

Strain gages at toilet
seat supports for
sensing balance and

Fingerprint scanner, Pulse Ox and BP
microtremors (4) -

Integrated fluidic sensor
module for transdermal
sampling for pCO,
glucose, temperature
and communication
—_bluetooth/WiFi module

Microneedle/lontophoresis/
samplers and/or drug -
delivery pads (future)

Weighing scale with impedance pads for body fat



Testing Underway!




Population living on <$10/day or 71% of the World Population (5 Billion)
55.7% in US are High Income, defined as >550/day (NOT a typo, Pew Research!)
CURRENT PRICING FOR HEALTHCARE IS UNSUSTAINABLE AND IRRATIONAL
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Maternal and infant care

Clinical & demographic drivers

2010 maternal & child health statistics*

>350K mothers / yr die during pregnancy or childbirth

3.1M infants / yr die in neonatal period (15t 4 weeks of
life), which doesn’t include 3.3M stillborns

60-80% of newborn deaths occur in low birth weight
babies

Prematurity rate 10-12% worldwide™
66% of newborn deaths occur in South Asia & Africa

10—

q._] QR

e 42.6 M

Population =

( billions) 7-

17.3 M

5 —

71.5M

Cher leas developed countries

49.5M

More developed countries

o 155 M
o

T T T T
1950 o Lk 1] 200 2030 205

{Top reasons for\

mortality

e Preterm births
* Asphyxia
* Maternal
hemorrhage

2050 births

\-Infections for both/
( Aligned with MDG '\

hig

Goal 4
Reduce Child Mortality

Goal 5

Improve Maternal
Health

*Data: The Lancet, Volume 375, Issue 9730, Pages 1988 - 2008, 5 June 201 A

* WHO World Health Reprt — 2008: Mother & Child Health


http://www.thelancet.com/journals/lancet/issue/vol375no9730/PIIS0140-6736(10)X6131-1

Visiting Karuna Trust Primary Health Care
Center




Physician expressing the need for low-cost
incubator/warmer




Interactive Survey With Healthcare workers- Idea
for Home Use Born Here




Phoenix Partnership Secured; 10% over Cost
(Manufacturing/Sales/Distribution/Support)




Methods — Incubator Preparation




STUDY INCUBATOR
NO: 223 -




Baby weight and image transmitted




Evolution of des n- seek
partnership with

-0

Parents CHW

blo

Patients

e and weight to health care
>tected and reported back via
2r mortality and malnutrition

Project concept. Low-cost smat
providers who monitor routinely
community health worker (CHW
and better health outcome.
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