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Motivation

» Translating the biological characteristics of exosomes into their

optical signature; aka effective refractive index (ERI).

»Enabling label-free, minimally invasive diagnostics based on the

EXOSOMES

optical signature

XM :
»Phenotyping using machine learning based classification [Eaisses
. ENZYMES
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Outline

Exosome physiology | ﬁ Optical signature (ERI) : Phenotyping
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Outline

* Approach a) a» \

* Approach b)

» Lumen refractive index » Optical scattering data
» Exosome health state » Inverse Mie theory
» Exosome ERI » Label-free phenotyping

» Machine learning based phenotyping
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SRR N | umen refractive index

o ERI of the lumen

| ——

Two-substance (Barer) mixture

d
ncore(>\a T) — nwater(>\7 T) + Z |:d—Z] ()\7 T) Cj.
i i

e Protein dn/dc ~ 0.190 mLg~! (narrow distribution). = :; _
e Nucleic acids (DNA/RNA) dn/dc ~ 0.170 mL g~ . N waer ey | ——Hoaiy  —— Halty |
e Water dispersion from Daimon—-Masumura over 0.18 pm—1.13 pm. l Cancerous
Type Corotein [€/ML]  cna [g/mL] 1.33
Healthy-like 0.18-0.26 0.002-0.010 1.32 ‘ : : ‘ ‘ ' ' |
Cancer-like 0.24-0.35  0.005-0.015 AN (an)f’O 800 850 900 950

Barer (1957); Zhao et al. Biophys. J. 2011, Daimon & Masumura Appl. Opt. 2007; Jia et al. 2021.
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sl [ xosome ERI

ERI of the Exosome
e To obtain an ERI for the entire 1495 , |
exosome (core plus lipid shell), a (Dy) —_—
full-wave driven-mode simulation 55ff/ lr‘: S L o T \
of the core shell sphere in Comsol T colfy) 1.415 1 Borderline ]
Multiphysics is carried out. L Cancerous |

 The reason for considering —— o
exosomes as core-shell structures P OME : \

is tO increase the Sensitivity tO the £ core: water + 1‘4 B T
. . . = protein + NA ———
slightest changes in the core, i.c. el Ls0s| |
variations in the protein/NA lipid =148
sl 1.39 : ' :
content. o 500 600 700 800 900
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LIl Machine learning based phenotyping

* The spectral response of the exosome (core-shell structure) 1s used as the data set, based on which the
machine learning algorithm is trained.

* A machine learning model will be developed that based on the determined ERIs can classify the
exosome’s health state.

Exosome physiology -

Machine-learning SR o
approach (ANN) classification module

Dielectric function >
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* We intend to retrieve the ERI of a single
exosome based on optical scattering data:
scattering,  absorption  and  extinction

coefficient.

e The retrieval will be based on measured

optical scattering data but the algorithm 1is

.Exosome health

developed using synthetic simulated results. e
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SN Inverse Mie-Theory

* Modelling: Each vesicle is modeled as a spherical core-shell |[¢ **| =~ Measured
particle (protein-rich core (40.5 nm) plus 5 nm lipid bilayer, | ™| |
dispersed 1n air, water, or PBS). The forward map is the core-shell %0 s0 0 70 80 soo
Mle theory. & 2007 ‘ ‘ —--IMeasured 1

£ —— Simulated

* Inversion: Retrieve a complex core refractive index from measured | ‘
the spectra, through minimize a noise-normalized log-residual: 400 500 60 700 80 900

1 x107"3 .
o — - - Measured
g — Simulated
< 05 ]
2 G
](n k) _ |1 |log1o cmod_1og,, clueas n logo Cé?jgd—logm Cpeas o = noise © 0
' 2 Tlog Tlog > Plog ™ 10 400 50 600 700 800 900
Wavelength (nm)
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SN Inverse Mie-Theory

Solver & initialization: Solve a bounded, constrained least-
squares with Sequential Quadratic Programming (SQP) via
fmincon, wrapped in MultiStart.

Noise injection (synthetic tests): To emulate measurement
conditions, Additive Gaussian noise (at 1-10 % of the mean
signal per spectrum).

Output: ERI n(4) + ik(1)
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SN [ abel free phenotyping

* The machine learning model will then use the
inversion algorithm data to determine the

corresponding exosomes health state based on

their ERI.

Exosome physiology to
characteristic dielectric function

* This enable us to develop an early-stage cancer

diagnosis biosensor i1n a minimally-invasive, \ /

label-free method. Predicgion systen
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