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e Oct 2019, Neubauer Assistant Professor, The Wolfson Faculty of Chemical Engineering, Haifa, Israel.

¢ 2014-2019, Post-Doctoral Associate, Massachusetts Institute of Technology (MIT), at Daniel G.
Anderson/Robert S. Langer Lab, Department of Chemical Engineering, the David H. Koch Institute for
Integrative Cancer Research at MIT, Boston Children’s Hospital/Harvard Medical School, USA.

e 2009-2014 PhD in Medicinal Chemistry, The Hebrew University of Jerusalem (HUJI), School of
Pharmacy; Faculty of Medicine. Supervisor: AJ Domb.

¢ 2008-2009 MSc in Medicinal Chemistry: HUJI, School of Pharmacy; Faculty of Medicine, Direct PhD
track.

¢ 2006-2008 B.Sc. in Medicinal Chemistry: HUJI, School of Pharmacy; Faculty of medicine,

Shady Farah, PhD

Functional and Medicinal Polymers, 3D Printing of Medical Implants, Localized delivery from
Crystals, Controlled Drug Release, Drug Crystals for Long-term Delivery, Smart Materials and
Composites for Medical Needs, Cells Encapsulation and “Live Drug Factories” for Chronic
Diseases, Tissue Engineering, Functional Polymeric Nanoparticles, Bioactive Surfaces and
Crosslinked Polymers, Antimicrobial and Antiviral Polymers, Shape-Memory Polymers,
Hydrogels, Personalized Medicine, Polymeric Systems for Cancer-Targeted Delivery.
Biodegradable Polymers,
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1) Cell encapsulation and 2) Implanted sensors (e.g. CGM) 3) Nerve/muscle enervation (STIMs) 4) Any pacing/pacemaker
transplantation

5) Hip/knee replacement 6) Tissue repair/reconstruction 7) Tissue engineering/ 8) Prosthesis and

. : . 9) Controlled drug release
regeneration. neural interfacing

12) Vascular replacement 13) Cosmetic implants
11) Intraocular lens replacement

Intraocular lens

Lens "ﬁiQi




Immunologic Basis of Foreign Alginate Capsules for Islets
Body Response

Encapsulation for T1D Treatment

Nutrients + O,

Insulin + CO,
+ others
Implant Failure
Biomedical Implant = Foreign Body
Reaction (FBR) = Fibrosis problem!
Drug Delivery Polymers Functionalization
from Crystals and Chemical Modifications

Grainger, Nat. Biotech. 2013



1.1 Preventing Fibrosis via Non-Polymeric Approach
(Drug Delivery from Crystals)

nature > nature materials > articles > article

nature
materials

Article | Published: 24 June 2019

Long-term implant fibrosis prevention in
rodents and non-human primates using
crystallized drug formulations

Shady Farah, Joshua C. Doloff, Peter Miiller, Atieh Sadraei, Hye Jung Han, Katy Olafson, Keval Vyas,
Hok Hei Tam, Jennifer Hollister-Lock, Piotr S. Kowalski, Marissa Griffin, Ashley Meng, Malia McAvoy,
Adam C. Graham, James McGarrigle, Jose Oberholzer, Gordon C. Weir, Dale L. Greiner, Robert

Langer & Daniel G. Anderson =
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Energy and Packing

* Non dense, random packing AEnergy

typical neighbor
¢bond length

typical neighbor
bond energy —pt

* Dense, ordered packing AEnergy

typical neighbor
bond length

typical neighbor
bond energy _yl

Dense, ordered packed structures tend to have
lower energies. @
Chapter3 - 2



Drug Crystals/Crystallization

Polymer-free Release system

— Crystals low dissolution rate is
utilized for the controlled
release of the drug.

— Drug chemical and physical

stability is enhanced.

Advanced Functional Materials, (2021), 44, 2170329
Polymers for Advanced Technologies (2022)

Selected Publications: RN SE gl nare =~

_ ‘ materials
Nature Materials | VOL 18 | AUGUST (2019) | 892-904 -

ACS Appl. Mater. Interfaces (2018) 10109010-9022
Journal of Controlled Release 271 (2018) 107-117
Journal of Controlled Release 168 (2013) 70-76
International Journal of Pharmaceutics 445 (2013) 20-28
Pharmaceutical Research (2013), 30, 7, 1735-1748
Langmuir (2012) 28 15 6207-6210
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Crystallization Techniques

Method | - S-°|Vent Method Il - Temperature Method lll - SoIvent/Anti-
Evaporation induced crystallization solvent mixture

Method Il -
Crystal Size:
30 um

Farah S. et al., Patent (PCT) 2017



Mechanism of Release- in situ AFM
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Application 1- Cells Encapsulation (Rat B-Cells in Diabetic Mice-STZ BL6)
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Application 1- Cells Encapsulation (Human B-Cells in Diabetic Mice-STZ BL6)
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Application 2- Encapsulate crystals in materials for devices fabrication-PDMS
(C57BL/6 mice)

CD68*CD11b*Cells/100 wl material (x10%)
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Application 3- Multi-components devices- CGM
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Application 4- Multi-components devices — Muscle stimulating device (MSD)

Mimic neuromuscular stimulation during long-term denervation—> Reduce Muscle atrophy
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Bioactive Functionalized Polymers-
Medicinal Polymers

F = Requirements:

* Bioactivity N .
« Stability and long term function (?) Antifibrotic Polymers
* Non/low-toxicity and Biocompatibility

* Specificity



Chemical Modifications and Polymers for Reducing FBR
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Live Imaging: Biomaterial-lmmune Reaction
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Supplemental Figure S14. Preparation of mice for intravital imaging. The flow of processes
involved in preparing mice for implantation with alginate hydrogel spheres, loaded with quantum
dots, for in vivo intravital fluorescence imaging of macrophage recruitment around and onto

implanted spheres.

Nature Materials volumel4, pages643-651 (2015)

Plain Alginate Modified Alginate

Arturo Vegas et al. Nature Biotechnology 2016



3.1 Drug Eluting Vascular Grafts

Purpose: Developing rapamycin-eluting electrospun
polyurethane (PU) vascular grafts suppress
local smooth muscle cell (SMC) proliferation.

Hybrid PU Graft: Bi-Layered Graft

In collaboration with
. Prof. Peter I.Lelkes

Jingjia Han*, S. Farah™, Pharm. Res. 2013, 30,1735-1748.
Jingjia Han*, S. Farah™, Cardiovascular Pathology, 2013, 22, e52.



3.2. Medical Devices- Stents- Coatings Surface Crystallization Proceeding:
kinetics of the drug load process

Crystallization: 0 Sec 30 Sec 3 min 10 min
Seeds Crystallization Crystals Complete crystalline

Starting formation

N

Time {min)

S. Farah et al., Int. J. Pharm. 2013, 445, 20-28. Paclitaxel S. Farah and AJ Domb, JCR, 2018, 271, 107-117.
W. Khan* and S. Farah* et al., JCR, 2013. 168, 70-76. Tacrolimus S. Farah et al



Comparison Rapamycin Release in PBS for 90Days:
Cypher (18mm-150pg), Crys and Amorph (15mm-100ug)
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S. Farah et al., Int. J. Pharm. 2013, 445, 20-28. Paclitaxel S. Farah and AJ Domb, JCR, 2018, 271, 107-117.
W. Khan* and S. Farah* et al., JCR, 2013. 168, 70-76. Tacrolimus S. Farah et al



4. Biomedical implants with
Antimicrobial Non-Releasing surfaces:

Bacteria Surface Growth and
Biofilm Formation

Model--

HN—"

1% w/w
QA-PEI NPs

2) Static Water 3) Recurrent

Purifications 100-155@t8RR! peritonitis
| (Catheters induced)




Antimicrobial Non-Releasing surfaces: Quaternary ammonium - antimicrobial polymers
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Three-dimensional printing for new biodegradable polymers after modification with amino
acid or saccharide. When the polymers were exposed to ultraviolet light UV, they undergo

a polymerization process and turn from a liquid to a solid.

In our lab we have two kind of 3d printers :

Asiga Max x (Dlp) Ultimaker (FDM)

Ultlmaker =l
is. I
I
Ultimaker”®
u_.= i NIHWIKGL

Resolution: Resolution:
27um 20pm
DLP stands for digital light processing, and is a type of vat polymerization. Vat Fused deposition modeling, or FDM 3D Printing, is a method of additive
polymerization 3D printing technologies make use of a (liquid) photopolymer resin manufacturing where layers of materials are fused together in a pattern to

which is able to cure (solidify) under a light source. create an object



Ultimaker°’

o

Degradable
Implants
Models

Drug Loaded
Implants

3D printed heart
model

Multicomponent
Implants

Flexible implants

3D printed microchannel
for unique chemical
reactions

Pinpoint
Controlled
Printing




The Wolfson Department The Laboratory for Advanced Functional/Medicinal
u of Chemical Engineering Polymers & Smart Drug Delivery Technologies

Technion — Israel Institute of Technology

5.1 3D printing of personalized catheters with
smart coating for improved functionality,
biocompatibility and anti-bacterial
- 7\
characteristics
./

Assistant Professor Shady Farah, Chemical Engineering - Technion
Assistant Professor Tamar Segal-Peretz, Chemical Engineering - Technion

Associate Professor Boaz Mizrahi, Biotechnology & Food Engineering - Technion

TAMC Funded Project 26



Hydrocephalus mechanisms Hydrocephalus outcome

Imbalance between the CSF inflow and Outﬂow’ via three - Worldwide affects more than 380,000 new individuals annually.

mechanisms :

-Obstruction = Non-communicating hydrocephalus .
Pediatric: 88/100,000

. . .. Congenital- 68-316 per 100,000 births
-Impaired absorption = Communicating hydrocephalus ._ ’ P )

-Excessive production

CSF CSF
Inflow outflow

Adult —

Age 19 to 64 — 11/100,000
Elderly- age 65+ - 175/100,000
Age 80+ - 400/100,000

Isaacs, Albert M et al. “Age-specific global epidemiology of hydrocephalus: Systematic review, metanalysis and global birth surveillance.” PloS one 2018.
Dewan MC. Et.al. Global hydrocephalus epidemiology and incidence: systematic review and meta-analysis. J Neurosurg. 2018.

27



Main shunt complications:

Obstruction

Fractured tubing

1 Mechanical failure :
Over-drainage

Migration
2 Infection
Seizures
3 Other complications Intracerebral hemorrhage

Etc.



Our Concept

3D Printing & post-printing processing and coating

Neuroimagin . ) o ) Insert shunt
g prior to Design a 3D printing NUith

insertion of personalized and minimum
the shunt shunt | RIOEESSINIE complications

29



Parameters impacting implantable catheter functionality:

. an . Material/mixtures
Dimensions -

\ O\
PENAVA o oy amn- s

3D printing method

Porosity

AN

Low elastic modules

N
A}Q
Q

S 3D printed

Layer thickness

|
catheters E—
challenges —
Support requirement
i \ Ll
S v,s:my post printing treatment ?
- = - L
Washing protocol & UV treatment [ = ‘
cycles _ v Sonication Incubation
Nitrogen evaporator madiumy

30



Parameters impacting implantable devices functionality:

Design Printing
« Shape « Material/mixtures
- CapaCity 3D printing method Support requirement
« Surface area « Temperature
* Porosity « Layer thickness
« Dimensions * Infill denSity Low elastic modules Post processing
3D Printed < L
Devices .
Post-printing Challenges Sonicatonfor =

Nitrogen evaporator

treatment

» Washing protocols :
& cycles i / W
4 0

» Solvent's nature

* Implants processing
o UV curing Properties of viscosity Holes location

Low High

 Incubation medium




Antimicrobial Materials for
Biomedical Applications

Abraham J Domb Hebrew University of Jerusalem, Israel
Konda Reddy Kunduru University of Hyderabad, India
Shady Farah Technion-Israel Institute of Technology, Israel

Antimicrobial Materials
for Biomedical
Applications

Ecitod by Atraham J. Comb,
Honda Reddy Kundurnu and Shady Fach

Hardback | 400 | 9781788011884 | £179.00 | $250.00 | 05/08/2019

Sub title
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attention!



