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Disclosure
Technology | company/Stage | Dislosure___

Therapeutic Targeting of Patent filings. Assigned to UPenn Inventor
Lipid Nanoparticles

Targeted Therapeutic Lipid  Patent filings. Assigned to UPenn Inventor
Nanoparticles and

Methods of Use

VCAM targeted LNP Patent filings. Assigned to UPenn Inventor

encapsulating mRNA for
the treatment of acute
ischemic stroke

Targeted nanocarriers for NanoMuse (STTR: funded) Co-founder
acute critical illness



Research focus: Targeted Nanomedicine and
neurovascular inflammation

NVI: acute/chronic
Stroke, TBI, MS, AD...



Outline:
e Stroke and targeted nanomedicine
* Delivery approach: Targeting the inflamed BBB

Targeting nanocarriers to the
BBB itself
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Inflamed Endothelium



Stroke: facts [

800,000 cases/year acute ischemic stroke (AlS, YW >
87%), and hemorrhagic stroke (ICH, 13%) N Y

Second cause of death worldwide and main ¥ -
cause of long-term disability

Blood clot stops the
Urgent unmet need: el

— tPA, remains the only FDA approved treatment for
acute ischemic stroke (since 90’). 19% functional
independence

— MR CLEAN (2015): mechanical thrombectomy. 33%
functional independence

Still near 50% of patients after AIS are
not functionally independent




Tissue damage =

AACUTE  SUBACUTE CHRONIC

Excitotoxicity
CAMs

Inflammation (EC and WBC): BBB
dicruption

Complications: Edema
emorrhage

Weeks...
Years

Min  Hours Days

Tt
/

Acute ischemic stroke (AIS): pathophysiology
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1,026 Experimental Treatments in
Acute Stroke

Victoria E. O’Collins, B.Sci,! Malcolm R. Macleod, MRCP, PhD,? Geoftrey A. Donnan, MD, FRACP,?
Laura L. Horky, MD, PhD,* Bart H. van der Worp, MD, PhD,ﬁ’ and David W. Howells, PhD'

Nihilism In acute ischemic

stroke:

* 114 reached clinical trials
and all failed. Why?

* Inability of concentrating the
drug in the injured brain L =" 7
without off target toxicities Need Targeted drug dellvery

better therapeutic index 7/

Neuroprotective drugs



The patient and the pharmacological challenges

* Fragile patients: high blood pressure,

arrnythmia, clotting, bleeding, multiorgan

failure, pneumonia : |

— Solution: Targeted therapeutics ® O 0 ¢
+ Rapidly progressive disease 214 ]18Y8°

— Solution: Multidrug loaded carriers R oS S
 Challenging to reach the injured brain (f,ﬁﬁ\%

— Solution: Targeting specific cell types A %r N




Nanomedicine: targeted nanocarriers (T-NC)

e o ¢
Nucleic Hydrophilic Lipophilic Proteins
acids drugs drugs



Targeted nanomedicine for CNS diseases

1. Delivery:
Current delivery of free drugs to brain
<<0.01%

Goal: 100-fold improvement

Endothelial cell

2. Therapeutic effects:
Biomarkers
Neurobehavior

3. Side effects:

Risk

Disease dependent inflammatory response BM
Protein corona effects/opsonization
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Targeting nanocarriers to the
BBB itself

Y VVVVVVIVVVVIVVVVVN

Inflamed Endothelium

A [CAM A VCAM @ Anti-CAM Targeted NC

ICAM: intracellular adhesion molecule VCAM: vascular adhesion molecule NC: nanocarriers
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Targeted nanomedicine for stroke: The BBB

* The BBB is a physical and metabolic barrier

Tight
junction

Abbott NJ et al. (2006) Nat. Rev. Neuro
Sweeney et al (2019). Physiol Rev
Saubaméa et al (2011) JCBM.

Smith Q (2008). HST

Nucleosides
Drugs,

drug conjugates
Xenobiotics, drugs

Xenobiotics,
drugs
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molecules Glucose
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Delivery to the Brain: targeting the inflamed BBB

Targeting nanocarriers to the
BBB itself

Yy VVVVVVIVVVVIVVVVVN

Inflamed Endothelium

* High accessibility

* Length: 600km
e Surface area of ~15 m?
* 15% cardiac output

» Restoring the BBB

* Protect against edema

« Switch the proinflammatory
environment to anti-
inflammatory one
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Delivery to the Brain: targeting the inflamed BBB

Targeting nanocarriers to the
BBB itself

Yy OVVVVVVVVVVIVVVVVN

Inflamed Endothelium
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Target selection
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Target selection
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Target selection
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VCAM T-NC targets the inflamed BBB

Anti-VCAM-Nanocarrier T
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Targeted nanomedicine for CNS diseases

Endothelial cell

2. Therapeutic effects:
Biomarkers
Neurobehavior

3. Side effects:

Risk

Disease dependent inflammatory response BM
Protein corona effects/opsonization

17



Pharmacological working hypothesis

Restoring blood-brain barrier homeostasis will
promote an anti-inflammatory environment
resulting in neuroprotection

18



Pharmacological working hypothesis

L P Y==" BBB altered:
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Functional activity of VCAM targeted nanocarriers
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VCAM targeted nanocarriers improve AlS

1“;1-::5&
A . 45min ; 24hr . 24hr  24br
tMCAO Reperfusion 2" dose 3™ dose Sac
Dexamethasone (Dex) Interleukin 10 (IL-10)
B C D E
150y —— 100 150 | kK 1001
o
£ | —— | T E=EeF= . . £ p=0.02
E T : E S g
L .2 . -
@ 100- S | e 2 @ 100 E
£ = S 3 = —
% S 50 == PBS (n=10):-:----:- - e % 504
c c
2 50- 3 -+ Dex (n=6) 2 507 8
b L | ™
'E & 1-%- VCAM empty Lipo (n=6) o e 1= VCAM LNP/IL-10 (N=8)
o et
h -~ VCAM lipo/dex (N=7) 0 - —— PBS (n=10)
1 U N Q ) 0
S 4+ .0 T T 1 NN T 1 1
& @ao“' +,\>Q 0 1 2 3 & eng\’ & 0 1 2 3
C & Days » o Days
S & 7
40 QOQ ‘QO

Nong et al. Mol Therapy 2024. Corresponding: Marcos-Contreras 21



VCAM targeted nanocarriers improve AlS
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VCAM targeted-nanocarriers reduces brain edema
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VCAM targeted-nanocarriers reduces brain edema
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VCAM targeted-nanocarriers reduces brain edema
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VCAM targeted-nanocarriers reduces brain edema
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VCAM-targeted nanocarriers accumulate in ICH
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Preprint: Res Sq .2025



VCAM-targeted nanocarriers accumulate in ICH
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VCAM targeted-nanocarriers improve |CH;:
MRNA IL-10
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VCAM-targeted nanocarriers accumulate in TBI
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Molecular imaging: VCAM targeted nanocarriers

MRI: MPIO SPECT:
_ Liposomes

TNF IgG-Lipo

k) |
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Gauberti et al. Stroke 2013 Marcos Contreras™® et al. PNAS 2020. Corresponding: Marcos-Contreras



Targeting the inflamed BBB: summary

Targeting nanocarriers to the 1.

BBB itself

yVVVVVVIVVVVIVVVVYN

Inflamed Endothelium

o

3.

VCAM-targeted nanocarriers enhance
delivery to the inflamed neurovasculature
in acute and chronic CNS diseases.

VCAM-targeted nanocarriers can be
used for molecular imaging.

VCAM-targeted nanocarriers containing
small molecule and mRNA therapeutics
effectively treat different neurological
conditions.
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Tissue uptake (%ID/g)

To the BBB: Target selection
o
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Primum non nocere
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Brain delivery

1. To the BBB - 25z the BB
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Intravenous
(jugular vein)

First pass:
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Nanomedicine for stroke

1. Delivery:
* Improve the delivery
(free drugs <<0.1%)

Basement membrane

2. Side effects: Ris

* Minimize drug and carrier side effects Benefi
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Primum non nocere

Brain Lungs

Untargeted LNP-IL-10
(25%)

Free dexamethasone
(80%)

Nong et al. Under review. (Corresponding: Marcos-Contreras)



Efficacy: VCAM liposomes-Dex improve stroke
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