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The challenge: Bone Defects or a Bone Fracture
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Ay 1S Periodontitis 25% >74 years old

Peri - implantitis Full edentulous
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Bone Tissue Regeneration

Current treatment: Auto-graft,

Bone can regenerate spontaneously allograft, xenograft, bone substitutes
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“Smart” Multicomponent Scaffolds

Peptides

Multicomponent
Scaffolds

Bone Minerals
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Polysaccharides

+ Growth factors
Osteogenesis == BMPs -

Bone Morphogenetic Proteins

Angiogenesis == VEGF —

Vascular Endothelial Growth Factor

Scaffold requirements
Biocompatibility

3D support

Adaptable to the defect shape
Stiffness for mechano-sensing
Space maintenance over time
Controlled degradation rate
Growth factors and drugs delivery

Nano
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Aromatic Dipeptide Nanostructure Library

Compound name

Assemblies structured

Additional infornmation

H-Phe-Phe-OH (FF)
H-Phe-Phe-NH,
Ac-Phe-Phe-NH,
H-Phg-Phg-OH
H-Cys-Phe-Phe-OH
Boc-Phe-Phe-OH (Boc-FF)
Cbz-Phe-Phe-OH
Cyclo-Phe-Phe
Fmoc-Phe-Phe-OH
Fmoc-Phe-Gly-OH
Fmoc-2-Nal-OH
Fmoc-Gly-Phe-OH
Fmoc-Phe-Arg-Gly-Asp-OH
Fmoc-Arg-Gly-Asp-Phe-OH
Fmoc-Arg-Gly-Asp-OH
Fmoc-Phe-Ser(tBu)
Fmoc-Phe-Pro-OH
di-p-1-napthylalanine
di-p-2-napthylalanine

H-(p-fluoro-Phe)-(p-fluoro-Phe)-OH
H-(pentafluoro-Phe)-(petafluoro-Phe)-OH

H-(p-iodo-Phe)-(p-iodo-Phe)-OH
H-(p-nitro-Phe)-(p-nitro-Phe)-OH

H-(4-phenyl-Phe)-(4-phenyl-Phe)-OH

H-Phe-Phe-Phe-OH

Tubes, spheres, quantum-dots
Nanotubes

Nanotubes
Nanospheres
Nanospheres

Tubes, spheres
Amyloid-like structures
Tubular structures
Fibrous-hydrogel
Fibrous-hydrogel
Fibrous-hydrogel
Microtubes
Fibrous-hydrogel
Fibrous-hydrogel
Nanotubes

Spheres

Spheres

Tubular structures
Tubular structures
Tubular structures
Tubular structures
Fibrillar structures
Fibrillar structures and spheres
Squared plates
Nanoplates

Young modulus = 19-30 GPa, B-sheet

Young modulus = 140-275 GPa

a-Helix or B-turn
G’ =2 x 10" Pa, B-sheet

B-Sheet

B-Sheet
B-Sheet

Point stiffness ~1.25 GPa

B-Sheet

Adler-Abramovich and Gazit (2014) Chem. Soc. Reuv.
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Phase Transition- The Solvent Effect

a b
Stock solution Hydrogel
Monomers dissolve  formation Dilution
Monomers powder in DMSO\EtOH in ddH20

=

c d
DMSO ratio (%)
10 20 30 40 50 60 70 80 90 100

EtOH ratio (%)
10 20 30 40 S0 60 70 80 90 100

Fmoc-Fs-Phe concentration (mg/ml]
Fmoc-Fs-Phe concentration (mg/ml)

sesfc  ADLER-ABRAMOVICH LAB

:I:.: BIOINSPIRED MATERIALS & NANOTECHNOLOGY

» 'Q

=) twisted ribbons

nanofibrils 4=
~

000

TEL AVIV UNIVERSITY

Pursuing the Unknown

Cohen-Gerassi...Adler-Abramovich (2020) Chem. Mater



Phase Transition in Real-Time using Microfluidics
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Even a 1% Change in Ethanol Concentration Can Determine the

Crystalline structure
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Extending the Peptide Based Materials Diversity

Self-assembling peptides

Hydrogel diversity by co-assembly

Self-assembly s s J S G e Self-assembly
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Stabilizing Hydrogels by Co-assembly
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Exceptionally Rigid Hydrogels

Synergistic Improvement
G'=190 KPa "
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Stem Cell Differentiation and Mechano-Sensing

Mesenchymal stem cell

o
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Higuchi et al. (2012) Chem. Rev.
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Peptides Polysaccharides

Alginate-Peptide Composite Hydrogel

Multicomponent

Scaffolds
(a) (b) . .
oM \\c/o Na' o ‘l‘c___o - :
o ° 3 [ on / o Bone Minerals
H o o, PRAN { o/
Q OJLN N\:)Lon /m/ \LL/&%/"\L‘\“Z\&/
H 5 = MEY—o o \e—yp
/i
O O ws
(a) (b)
H H 0.10 4 s et
Fmoc-Phe-Phe-OH Sodium Alginate 6x10° 1  mmmm Pre-Differentiation M Pre-Differentiation
> [ZZ7] Post-Differentiation o B Post-Differentiation
5}
(c) " 5x10° € 0.08
f=4 ©
s =
C 4x10° 4 o
- £ 0.06
2 £
Q
S 3 0* -
2 & 0.04-
9 2x10° 4 ©
S
: E
T 1x10* - af e
2
1] 0.00 -
Alginate/FmocFF FmocFF (C) (e)
" Il Pre-Differentiation
(d) Fi5p - A @2z Post-Differentiation
. 5
3 2.5
«n
Q
e —
P 0.2.0
x
2 =
Q
c 1.5
(d) ]
i oo
: : Q1.0
S
Aginate/FmocFF =
)
2 0.5
o

o
o

Yo

MC3T3-E1 cells on
Alginate/FmocFF
Composite gel

000

ADLER-ABRAMOVICH LAB Ghosh*, Halperin-Sternfeld*...Adler-Abramovich (2019) Nanomaterials & sy universite

BIOINSPIRED MATERIALS & NANOTECHNOLOGY

Pursuing the Unknown



Hyaluronic Acid in Medical Use

Orthopedics Cosmetics treatments
£~
iéz/“) wn’ﬂfm,
EUFLEXXA® is injected into the e ButaneDiol Diglycidyl Ether (BDDE)
knees of osteoarthritis patients to crosslinking

improve movement and reduce pain * Residual BDDE < 2 ppm (FDA limit)
e Storage modulus, G’ up to 1,000 Pa

The problem: limited durability
000
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Control of Hydrogel Rigidity and Durability

FrocFF/hyaluronic acid composite hydrogel APPLIED %’%

N-acetyl-glucosamine Glucuronic acid

ACSPublications WWW.acs.0rg
Most Trusted, Maost Cited, Most Read,

A
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%
>

Mechanical properties

—FmocFF —75/25 —50/50 —25/75 —HA

Hydrogel mass [%]

G' - Storage modulus [Pa)
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Aviv*, Halperin-Sternfeld*

Injectable Dermal Filler for Soft Tissue Repair

Slow release of Curcumin

Hydrogel stability against hyaluronidase

— -FmocFF + Hyase
- -75/25 + Hyase
- -50/50 + Hyase

140 -

120 1.~

100 S

80

60 A

40

20 -

...Adler-Abramovich (2018) ACS Appl. Mater. Interfaces
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In collaboration with Prof. Rachel Sarig

Hydrogel

b

—_—t

=™ 5 mm = 5 mm

BIOINSPIRED MA

Injectable Hydrogel for Bone Regeneration

The hydrogel treatment resulted in
approximately 93% bone restoration
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High Molecular Weight HA Interacts with CD44 Receptor and Promotes Production

of Anti-inflammatory Cytokines

'c; 1. HMW-HA inhibits pro-
— W HA inflammatory TLR signaling by
la LMW-HA and other ligands.
N\ A I‘\l 8 TLR2/
OH+ - TLR4 2. CD44-mediates uptake
and clearance of pro-
OH+ OH+ CD44 I

inflammatory HA

fragments.

5. Anti-oxidant effects
CD44

¢ o o
IL-2 IL-10 TGFB

4. CD44 crosslinking promotes
production of anti-
inflammatory cytokines. FOXP3

3. HMW-HA promotes regulator!
phenotypic stability and function.
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The Biomaterials cause Macrophages Immunomodulation-

M1 (pro-inflammatory) to M2 (pro-regenerative)

M2 M1
= 78 EF'““FF’”A (T EF'"“FF'“A (pro-regenerative) (pro-inflammatory)
(- Unfilled > T Unfilled
S 6 I*;J [ IBM % 3.0 [IBBm CD163 cDe68
© — o ,_*** , ) .
& . J CICJ ~ 257 T|_| , =5
4y o 4 O)en 207 <z
H_— © DL © = E 200 m‘ 200
cAn i * - y S =
£8+ o T 58 | !
= 3
E 2 l 3 1.0 i "':;:
& T N J'  200pm 200 pm
1
> c .
1 week 3 week 1 week 3 week g
&
u E i 5
RO\ X7 2
200£ 200=uml
o
= =i I . ~ {
m . »
m [ V. ( o
[32] \. A Z-//;
- 200m I e
istte ADIER- . | o Q0
'EEEEEE BIﬂﬂ';EE MAEMMME[!'L%HANEW Halperin-Sternfeld... Adler-Abramovich (2023) J. Clin. Periodontol. tecavivuniversity

Pursuing the Unknown



Bioactive Patient-specific Titanium “Cage” Implants

In collaboration with Dr. Solomon Dadia, the Levin Center for 3D
Printing and Surgical Innovation, Tel Aviv Sourasky Medical Center
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3D Printing of the Scaffolds

‘am{lw G- www

Fmoc-FF Fmoc-FF- EGZ COOH (PepA)
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Fmoc-FF EG Gelatin Composite 3D prmting of
conjugated hydrogel the composite
Fmoc-FF ma(rlx hydrogels

1:1 Fmoc-FF:Pepp 1:1 Fmoc-FF:Pepp/Gelatin
Hydrogel Hydrogel
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Ethylene-Glycol Conjugated Peptide Hydrogels

Gelatin'l' (a) 8- (b) 8+ e
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Pr=1.06+0.07 Pr=1.06+0.21 Pr=0.95+0.09  Pr=0.92+0.26 Pr=1.0740.29




Bioink 3D-printability

Testing self support

Testing different gauge
properties

capacity 24 layers

22G ‘ o O

271G
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3D printing of more complex constructs in suspension media
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3D printing of a mandible defect

wOO
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3D-printability and Self Assembly of Antimicrobial Peptides

(‘
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Autologous Electrospun Polymer-Peptide Skin Equivalent for

Severe Burn Injuries

In collaboration with Amit Sitt and the Kaufman-Green Skin Graft Engineering Center in Sheba Hospital

FmocFRGD
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Autologous Electrospun Polymer-Peptide Skin Equivalent for

Severe Burn Injuries

In collaboration with Amit Sitt and the Kaufman-Green Skin Graft Engineering Center in Sheba Hospital
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Conductive Peptide-Based MXene Hydrogel as a Piezoresistive Sensor

In collaboration with Maxim Sokol (TAU) In collaboration with Phanourios Tamamis

Texas A&M
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Conductive Peptide-Based MXene Hydrogel as a Piezoresistive Sensor
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Summary

We designed various peptides that can self-assemble into nanostructures as well

as hydrogels with notable physical properties

To extend the diversity of the nano-materials, we used a co-assembly approach

We demonstrated bone regeneration and immunomodulation in vivo
We combined gelatin with modified peptide to allow precise 3D printing

We designed and fabricated electrospun polymer-peptide skin equivalent for

severe burn injuries

We incorporated MXene in the hydrogel to fabricate a piezoresistive sensitive

sensor
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