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Leveraging vesicles in diagnostics

* Invivo applications

* Vesicular delivery systems for imaging ,-; ,.%
* Circulation time and biodistribution =: {j *::%'5 '
e Stimuli responsiveness .":“' 3
 Combination treatment : :

* Exvivo applications

* Lab assays (the FDA-approved liposomes you have never heard of)
* Complement assay ,
* Anti-phospholipid autoantibody assays ;. \‘.?\ ,% " "_‘@ N i

* Point-of-care assays: vesicular microreactors ' 'K ﬁﬁ’f“é j“"‘. @%
* Blood assays ¥ 3 | . ®®% '_/ ;

* Wound assays



Liposomal assay for complement function
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My contributions to the vesicular diagnostics



Repurposing vesicles for diagnostics

Liposome

Analyte Sensor ﬁ
D ° iy / ° \ / @ ]
rug ,\ | —£7 |

Drug release Vesicular microreactor Rapid bedside tests
for analyte sensing in blood




Vesicular reaction compartments

Enzymatic reaction
compartment

Chemical reaction
compartment

Leveraging the selectively permeable membrane to
* retain sensor components
e exclude interfering substances

* ... while allowing for rapid influx of analyte

Matoori et al. Small 2019

Matoori et al. Small 2020

Matoori et al. Biomaterials 2022

Guirguis (...) Matoori* ACS Pharmacol & Transl Sci 2023
Al-Hawat (...) Matoori* ACS Bio & Med Chem 2024
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Ammonia assay




Acute hyperammonemic crisis

Ammonia is a neurotoxic metabolite
Product of urease-producing bacteria in gut
Cleared by urea cycle in the liver

Liver function impairment leads to ammonia buildup

Gut-liver-brain axis

Acute hyperammonemia (e.g., acute-on-chronic liver failure)
Neuropsychiatric symptoms (somnolence, hepatic coma, risk of death)
Gines+ Lancet 2021
Current diagnostics
Gold standard: GLDH-based assay in plasma (hospital lab)
Time-to-result 3 h
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Clinical care gap: Rapid bedside blood ammonia assay
* Disease monitoring
* Selection of treatment

* Evaluation of treatment success J



Concept from drug delivery: active loading of liposomes with doxorubicin

H H
Acidic pH




Chemical microreactor for ammonia sensing




Chemical microreactor for ammonia sensing

* pH-sensitive fluorophore



Modulating membrane hydrophobility for selectivity towards ammonia

WIS )1\33 * Hypothesis: highly hydrophobic membrane leads to
e NH; ow permeapility for amine-containing weak bases
o W / bility f k b
N %&% }%}/// «  Permeable to ammonia (small, hydrophobic)
NH; Q\%%\\ )2(// NH: ¢ Poly(styrene)
&‘%\\\ ”Ji/%fé * High glass transition temperature (Tg) =73°C
& NH, + H* == NH,* % * Highly hydrophobic membrane
%CM l A o . . . .
NH, S oH 4 % Rigid semi-crystalline state

éff? * * NIR fluorescent dye for sensing in blood (low

R
/ﬁ/%%%%%\%i%\ NHs  interference with hemoglobin)

%é Poly(styrene)-b-poly(ethylene glycol)

% pH-sensitive NIR fluorescent dye
Matoori (...) Leroux Small 2019

Al Hawat, Caron, Djebbar, Matoori* ACS Bio & Med Chem 2024
13



Polymersome ammonia assay
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* Rapid and linear sensing in buffer
* High selectivity towards ammonia

* Proof-of-concept in plasma of cirrhotic rats
Matoori (...) Leroux Sr#a/l 2019



pH sensitive NIR fluorescent dye
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* |dentified a novel pH sensitive NIR fluorescent dye with

pKa of approx 4.0

Al Hawat, Caron, Djebbar, Matoori* ACS Bio & Med Chem 2024
15



Blood ammonia assay

Fluorescence ratio
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e Rapid and linear sensing in fresh whole blood

Al Hawat, Caron, Djebbar, Matoori* ACS Bio & Med Chem 2024
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Portable fluorometer

Deniro, Detect Diagnostics, Groningen, NL

17



Polymersome ammonia assay
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* Portable meter: rapid ammonia sensing in fresh whole blood

Al Hawat, Caron, Djebbar, Matoori* ACS Bio & Med Chem 2024
18



Platform technology



Platform technology

Combination with ammonia-generating enzymes
Expansion of analyte space

Urease: degrades urea to ammonia and CO,

Urea
e Test to evaluate optimal dialysis duration

* To prevent under- and overdialysis
* Performed once per month
e Currently limited to plasma assay (hospital lab)
Bedside test would enable optimal dialysis duration
at each session (lower risk of electrolyte
imbalances, potential for cost savings)

Emma Lenglet et Cléa Belin

M Poly(styrene)--poly(ethylene glycol)

% pH-sensitive NIR fluorescent dye

Urease

Belin, Lenglet, Caron, Al-Hawat, Matoori*, under review
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Optimizing luminal pH of ammonia sensor
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* Luminal pH strongly influences ammonia sensor response and linearity
21



Urea sensing
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* Urease concentration-dependent sensing
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e Stronger response in buffer than in spiked fresh mouse blood

* Likely due to natural urea in mouse blood (saturation)

22



IRB-approved study in human volunteers
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e IRB-approved study in urea-spiked fresh capillary blood from human

volunteers (n=4)

e Test discriminates two clinically relevant urea concentrations

23



The next frontier: molecular monitoring at the disease site

External (surface)
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‘P Phospholipid Research Center

Wound hydrogen peroxide assay
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Diabetic foot ulcers

* Diabetic foot ulcer
* Major complication in diabetes
* Life time incidence in patients with diabetes: 15-
25%
 Most common cause for amputations in North
America

* Limited diagnostic options
* Ulcer depth
* Unspecific infection markers (redness, swelling,
temperature)
* No molecular diagnostics

Matoori, Veves, Mooney Science Translational Medicine 2021
Freedman®*, Hwang, Talbot, Higler, Matoori*, Mooney* Science Advances 2023
Mahmoudi (...) Matoori, Mahmoudi* Nature Reviews Bioengineering 2024 20



Wound ROS sensing

e Chronic inflammation: high oxidative stress
is common in diabetic wounds

Wounded
* Oxidative stress is an emerging biomarker ~ f2peticskin_
i CorrEIated Wlth hiStOIOpathOIOgicaI Acute iTmune 1Chronicinﬂammation lTissueregeneration
reaction

markers of disease o L s (e W
» Molecular wound characterization | # ¥ Reactiveongen 3 EOMdegradation
> Prognosis MIMo  Aonormal ML G wp

> Treatment selection

> Assessment of treatment effects t '
Prohealmg

No burst of
proinflammatory:

Impaired keratinocytes
chemo-/cytokines M2 Md - growth factors and fibroblasts

* Oxidative stress is a key therapeutic target
 Companion diagnostics with antioxidant
treatment

Fu (...) Matoori* ACS Measurement Sci 2022
Matoori, Veves, Mooney Sci Trans! Med 2021



Hydrogen peroxide is a key ROS

In vivo study performed by us (Matoori/Veves)

 Hydrogen peroxide is upregulated
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Hydrogen peroxide-sensing wound dressing

H,0, Non-releasing release system
H.0, H,0,
H.0,-quantifying ‘u
[wound dressing H,0, H.0,+ #
H.0,
H,0
@ H,0, s H-0.

Horseradish peroxidase

W Sulfo-cyanine 7
Oxidized sulfo-cyanine 7

Reaction HRP and S7
Manrigue, Gottraux, Matoori* ACS Measurement Sci 2025



Liposomal hydrogen peroxide sensing

H;0.

H.0, H.0;

—— 40 s
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 HRP/S7-loaded liposomes are responsive to preclinically relevant hydrogen
peroxide concentrations
* Similar response in presence of FBS



Liposomal hydrogel

Encapsulation of liposomes in calcium crosslinked alginate hydrogel
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Leveraging vesicles in diagnostics

* Exvivo applications
e Lab assays (the FDA-approved liposomes you have never heard of)

 Complement assay

e Point-of-care assays: vesicular microreactors
* Blood assays
* Ammonia, urea
 Wound assays

* ROS I
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