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Breakthrough discoveries $2.7B+
can't change the world if 69
they don't leave the lab e

ENABLED - |
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Focused on Solutions for Real World Challenges
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TISSUE- AND CELL-RESPONSIVE MATERIALS

Reengineer the immune system 7
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Designing materials
for tissue engineering and repair
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TISSUE- AND CELL-RESPONSIVE MATERIALS
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STRUCTURAL NANOMEDICINE: FROM UNSTRUCTURED

TO CO-ASSEMBLED TO MOLECULARLY DEFINED

Medicinal and structural components

Inorganic Organic Natural
| \ |
\
N,
Y
£ 5 -
() %"vm(ui“)'g M ‘ Iw I
= Quantum dots Liposomes Polymer DNA Viruses Peptides
o
=
]
o
c
© ‘\/\/\l ?
c
= Fullerenes Silica DNA origami Dendrimers Proteins Lipids Carbohydrates
2
o
=
&

Co-assembled superstructures

Spherical Cyclic dinucleotide Lipid ' Peptide i
nucleic acids polymeric NPs nanoparticles Chemoflares Multi-antigen SNAs amphiphiles siRNA exosomes

Molecularly-defined structures

AT
oeEe® Antibodies on
Medified ¢ encoded nucleic
Megamolecules Protein SNAs DNA dendrons DNA origami CRISPR SNAs Molecular SNAs acid sequences

Mirkin, Mrksich, and Artzi, The emerging era of structural nanomedicine, Nat Rev Bioeng. 2025.



STABLE, CELL-RESPONSIVE STRUCTURES

\ STING Agonist

( Nucleic Acids Based Drugs
HQ O»\ETS
N=\ A~ .0
NS “@ Ho-%ji " NANNANNN
NN oo o NG NH
O’P‘Oﬁa k\N o}
RNAI] MRNA

\ X Rapid clearance upon
systemic administration

X Negative charge limits
its ability to cross the cell
membrane

_ X Susceptibility to
Plasmids / degradation by nucleases

Electrostatic Conjugated

Artzi et al, Nature Nanotechnology, 2023

Triggered release

Polymer Linker Drug
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CDN-POLYMERIC NANOPARTICLE FOR STING IMMUNOTHERAPY

CDN-NP

; STING activation
PEGylation
CDN CaLtirr‘IT(Z?m Polymer CDN release in Cytosol R @ con
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M_t ' . 'v.,v/‘ . ; Nucleus
Type | IFN

i 0 i

| O.P-O@ N/)\I':II H o 0.5 !

1 N 1

: R O H o) (o) (o) (o) [

! N. O HO O N 0\/©/ N @ S\/\,O/\L ~A O ~N_~O Ar :

B CRRE T

. = o o

: HS 0.5 l

.l | | :

. | ML-317 (CDN) Linker PBAE i

; CDN-Linker-pBAE Z

Dosta P. ... Artzi N., Nature Nanotechnology, 2023.



CELL-RESPONSIVE NANOSTRUCTURES ENHANCE STABILITY, POTENCY,

Electrostatic

\;{Jﬁ‘ h/
\__—_:..—.}
CDN polyplex
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Artzi et al, Nature Nanotechnology, 2023



THE PARACRINE TRANSFER EFFECT (PTE)

Tumor
. & & .
Nanoparticles ﬁ*@g Cancer cells (&
" 4 hrs
Dendritic cell Macrophages — .
CDN-NP treated Tumor il
tumor cells
/| “Waypoint Cell" WT _ ) .
Nanoparticle-based, ‘ / 4e - —&= Empty-NP B16 Empty-NP B16 "
therapy : ‘ J ' —e— CDN-NP B16WT — CDN-NP B16WT
N — Tg
i = 800 Z 100
¢ £ >
o 600+ g 751
; = | 2
A L “Destination Cell" % 400- £ 50
/ "‘,/”‘ > sokok 8
e 5 200- S 25
S o ‘|
=
- 0 0 —

10 20 30 10 20 30 40
Days post inoculation Days post inoculation

° 1
o

Paranandi KS, Amar-Lewis E et al 2025, ACS Nano
Dosta P, Cryer AM et al. 2023, Nat. Nantechnol.



EXOCYTOSIS, RATHER THAN PHAGOCYTOSIS,

DRIVES IMMUNE ACTIVATION

o) _ .
> Exocytosis Phagocytosis
>
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Ip < 0.0001 l
[ 1 P =0.0106
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NEXT-GENERATION LOCAL TREATMENT TO ELIMINATE BRAIN CANCER

2009 2011 2014 2015 2016 2016 2017 2021 2023 2025
Tunable Tissue  Local release of Local release of gold Local release Triple Tunable Delivery of Delivery of Delivery of
adhesion specific  chemo and NP (SiRNA, antibody)  of microRNA therapy rheology of  STING for conjugated multiple APIs
technology material antisense DNA for triple negative for metastatic release for the material melanoma STING+aPD-1for  for brain
in breast cancer breast cancer breast cancer colon platform melanoma, breast. cancer
cancer and colon cancers

v’ Easy to Administer
v Tunable Tissue Adhesion
v’ Controllable Delivery Kinetics

v Versatile Platform Delivery Technology




COMBINATION THERAPY REQUIRED TO STIMULATE MULTI-AXIS

AT
< Vi

_______ R a3
2 4 b= e

(]
2. Cell-responsive
CDN nanostructures

Myeloid Cells, 3
particularly Pas

DCs /« \
3

Activated
Myeloid Cells,
particularly DCs

T cell infiltration i
Release of tumor _ Pe_rlpheral
DNA and Activation of T cells

Antigens
\ i 3. Systemic vs Local
anti-PD-1

1. Doxorubicin
(chemotherapy)

o OH o
OH
LI Jor
H
o OH O, (o;f
o

_0

Injectable adhesive hydrogel-drug complexes syﬁchronize the release of chemoimmunotherapy to treat brain tumors in mice; bioRxiv
Dion M., ...Brem H., Artzi N., STM, Under Review



COMBINATION THERAPY REQUIRED TO STIMULATE MULTI-AXIS
IMMUNE RESPONSES

Adhesive hydrogel Controlled Sustained
In situ vaccine drug release
100 Phase |
0-48 hr
DOX CDN PD1
o 80 °
o
qs
Q
o 60
g: Phase Il
5 a0 2-5 days
& Phase Il
20 5-10 days

Time (Days)
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40

20

HYDROGEL MONOTHERAPIES EXTEND SURVIVAL IN

IMMUNOSUPPRESSIVE CT-2A MODEL

Control

Hydrogel DOX sx
Hydrogel CDN-NPs «
Hydrogel anti-PD-1x*x*

- E Rk

Log-Rank Mantel Cox Test

* <0.05
o <0.01
o <0.001

okxx <0.0001

Significance in comparison to control

20 40 60 80
Days Post Tumor Implantation
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COMBINATION THERAPIES INCREASES CURATIVE SURVIVAL,

PARTICULARLY FOR COMBINATION IMMUNOTHERAPIES

—— Control
80 —— Hydrogel DOX xx
—4+— Hydrogel CDN-NPs «
g 60 —— Hydrogel anti-PD-1xx **]*
g —— Hydrogel DOX/CDN-NPs #xx ]
g 40 —— Hydrogel anti-PD-1/CDN-NPs*** -
e —— Hydrogel DOX/anti-PD-1 *x**
20
0

Significance in comparison to control
0 20 40 60 80 unless otherwise indicated

Days Post Tumor Implantation

17
Dion M., ...Brem H., Artzi N., STM, Under Review



DUAL HYDROGEL-MEDIATED COMBINATION THERAPIES INCREASE

SURVIVAL IN IMMUNOSUPPRESSIVE CT2A MODEL

100
—— Control ko
80 , —— Hydrogel DOX *ok
1l —+— Hydrogel CDN-NPs Ak
g 60 ]\] —— Hydrogel anti-PD-1 Hkk
[ LL —— Hydrogel DOX/CDN-NPs *
E 40 i L —— Hydrogel anti-PD-1/CDN-NPs *
@ —— Hydrogel DOX/anti-PD-1 ok
20 —— Hydrogel DOX/CDN-NPs/anti-PD-1
0 N = 8-12 mice per treatment group
0 20 40 60 80

Days Post Tumor Implantation
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Dion M., ...Brem H., Artzi N., STM, Under Review



HYDROGEL-MEDIATED DELIVERY IMPROVES LONG-TERM SURVIVAL OF
MICE TREATED WITH COMBINATION THERAPY RELATIVE TO

INTRATUMORAL INJECTION

100
] L - Untreated
] _ -~ Hydrogel Triple Therapy
X ~- T Triple
S
— 0.0935
& 50 O O o—
-
(/] Day 0 Day 7 Day 90
CT-2A Tumor Hydrogel Contralateral
Implantation Treatment Rechallenge
0 lllllllll l lllllllll l lllllllll l llllll
0 50 100 150

Days Post Tumor Implantation
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Dion M., ...Brem H., Artzi N., STM, Under Review



HYDROGEL-MEDIATED DELIVERY IMPROVES LONG-TERM SURVIVAL OF
MICE TREATED WITH COMBINATION THERAPY RELATIVE TO

INTRATUMORAL INJECTION

] Tumor rechallenge
100
] F l - Untreated
] o -~ Hydrogel Triple Therapy
S ! - T Triple
©
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S 50 ® o o—>
S
(/p) Day 0 Day 7 Day 90
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0 50 100 150

Days Post Tumor Implantation
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Dion M., ...Brem H., Artzi N., STM, Under Review



HYDROGEL COMBINATION THERAPIES INDUCES IMMUNE CELL

INFILTRATION AND ACTIVATION OF MYELOID CELLS
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HYDROGEL COMBINATION THERAPIES ACTIVATE MYELOID CELLS AND INDUCE

INFLAMMATORY AND IMMUNOREGULATORY MARKER EXPRESSION
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NK AND CD8 T CELLS CONTRIBUTE TO TRIPLE THERAPY EFFICACY

T Cell Depletion NK Cell Depletion

—- lIsotype + PBS == anti-CD4 + Triple Therapy == |sotype + PBS == oNK1.1 +PBS
== [sotype + Triple Therapy -<- anti-CD8a + Triple Therapy
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MICRONEEDLES: A CHILD-FRIENDLY APPROACH FOR DRUG
DELIVERY AND DIAGNOSIS

~63% of children
suffer from needle
fear

Microneedles are
painless and
minimally invasive

No need for trained

personnel, enabling
at-home or school-
based use

Improved
compliance and
reduced anxiety in
pediatric populations

Proven efficacy for
vaccines and
therapeutics in pediatric
microneedle studies

CE Y

Adapted from BBC News



FINE-TUNED PROPERTIES FOR ENHANCED

DRUG DELIVERY/ISF SAMPLING

Transdermal, painless
drug delivery Translational efficacy:
Skin cancer, skin transplant,
alopecia areata

Hyaluronic acid-based
for biocompatibility

Hydrogel matrix allows
superior sampling (cells
and soluble biomarkers)
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=~ 91% =~ 700K S54B (TAM)

of all AA patients patients USA 15M global AA patients

ALOPECIA AREATA: A DEVASTING AUTOIMMUNE
SKIN DISEASE MANIFESTING WITH HAIR LOSS

No treatments
avallable for
pediatric
populations

No FDA-approved treatments for focal AA

Off-label approaches fail to sustain hair
regrowth (corticosteroids, minoxidil)

T,y IMbalance triggers disease progression

High patient demand and advocacy support



OUR APPROACH LEADS TO EQUILIBRIUM

Immunosuppression (JAK inhibitors) harms
the regulatory immune system

Immunosuppressants (JAK inhibitors)

‘ * Immunosuppressants (JAK inhibitors)
Effector ‘ suppress T, expansion
T cells

Regulatory * Non-specific immunosuppression leads to
T cells relapse and limits long-term efficacy

Immunoregulation

Effector Regulatory * T, expansion by delivering CCL22+IL-2
T cells T cells using our patch leading to immune

i equilibrium

Microneedle-mediated Delivery of Immunomodulators Restores Immune Privilege in Hair Follicles and Reverses Immune-Mediated Alopecia.
N. Puigmal*, N. Younis*, [...] N. Artzi, J.R. Azzi (2024); Advanced Materials
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RESTORING IMMUNE BALANCE

Our patch restores the immune

balance leading to hair regrowth - MNs- CCL22+IL2

SQ injection- CCL22+|L-2

beyond treatment discontinuation o~
whereas hypodermic injection cannot = ~o- Empty patch
= 4- ~® Untreated -
3 _
Before treatment After treatment Z End of treatment -
(Week 6) *§ 3
b 2
2 2
T
I
5 17
-IGC—)' 4 4
i 0 1 1 I ] 1 | 1
L L VL VA L - B SV

&Q’ $® @Q’ &"’ &"’ $® &"’

Microneedle-mediated Delivery of Immunomodulators Restores Immune Privilege in Hair Follicles and Reverses Immune-Mediated Alopecia. 30
N. Puigmal*, N. Younis*, [...] N. Artzi, J.R. Azzi (2024); Advanced Materials



MONITORING THE Tgc HOMING PROCESS IN

SITU UPON MN ADMINISTRATION

7 MN digesti - ) Immuno- Flow cytometry
o /D (Da: \./ 'gestion - “ Immune cells phenotyping Analysis
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Puigmal N.,... Artzi, Natalie. Adv. Funct. Mater., 2021 3



Biomaterials can be designed to respond to tissues and cells
to maximize therapeutic efficacy

Chemically designing polymer-drug conjugates can be used to

______________________________________

i 2 e tk . engineer the therapeutic window of potent immunomodulatory drugs
e Ly * Chemical structure markedly influences NP pharmacokinetics and
x4 . . ® biological interactions, impacting immune responses
o o Free Drug |

The PTE can be a critical enabling tool in drug design

« Chemically designed tissue-responsive adhesive
materials facilitate tissue adhesion and maximize drug retention

« Sustained delivery of chemoimmunotherapy is required for safe
Immune activation and memory formation

SpideRx



Biomaterials can be designed to respond to tissues and cells
to maximize therapeutic efficacy

 MNs allow painless, non-invasive drug delivery and sampling
with high patient compliance.

» Delivery of immunotherapy through the skin can unleash potent
Immune responses without side effects (activation or regulation).

« Simultaneous drug delivery and sampling with MNs provides
Insight into the mechanisms driving therapeutic efficacy.

Lybra Bio
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