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Outline of the Talk

» Biological Roles of O2 and principles of
quenched-phosphorescence O, sensing

» Demonstration in /n vivo studies

» Demonstration in ex-vivo models

» 3D tissue models and physiological studies in
vitro

Oxygenation and (Tumour) Biology

Tumour Metabolism Therapeutic Efficacy
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McKeown SR. Defining normoxia, physoxia and hypoxia
in tumours—implications for treatment response.
Br J Radiol 2014;87:20130676

* Therapeutic Efficacy
 Delineating hypoxia signalling (HIF stabilisation)
* Ischemia Reperfusion Modelling

Oxygenation and Physiological Relevance

Cell Models & 3D culture - .
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Q) Is culturing cells at 18.6% O, physiologically relevant ? A) No. It is Hyperoxic w.r.t. to most tissues.
ROS / Metabolism / Signalling?
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O, in 2D Cell Cultures
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Zhdanov et al - integr. Biol. 2010, 2:443

O, in Tissue & Disease Models

1) Key environmental parameter - to monitor and control
2) Highly informative functional biomarker - useful readout

3) Heterogeneity and Dynamics of tissue O, must be considered

How 7?7

Phosphorescence Quenching Method
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« Non-chemical , reversible "

« Quantitative, real-time, stable g

Optical, minimally invasive - PR
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Tissues O, Imaging Approaches

In vivo imaging with intravascular Systemic administration in live
0, probes animals (IV):
+ High doses, rapid clearance
(~3h), once-off

+ Poorly suitable for in vitro use
+ Bulk tissue is dark
+ Complex synthesis, costs

Intracellular O, probes & micro- Local administration in tissue:
imaging + low doses, controlled location

« long retention time (many days)
+  Low toxicity
+ Micro & macro imaging,
Miscellaneous: O, probes Various technologies, often 2D or
Imaging systems, point measurements, semi-

quantitative
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Intracellular O, Probes

+ Small molecules

« Bioconjugates, e.g. peptides Porphyrin

0, Sensor

- Vector

« Polymeric NPs (by inclusion)

« Polymeric NPs (by conjugation)

Polymeric NP

« Multi-functional NP composites @

0O, Probe Structures
N
610 nm 775 ns. ND
650 nm 50-70 us 0.006 mM-"
Ir-BTP coumarin C343 conjugate 620, 680 nm 5.6 s 0.064 mmHg !
480 nm (ref)
IrOEP - CPP complexes. 654 58-69 us 0.074 mMm!
650 57 us 0.03 mM-!
442,632 nm 790 nm (0;) Not reported 0.034 mMm"
678 nm (ref) 699 nm (ref) 250 ps for G2)
454 nm 608 nm 3.88-4.06 us ND
95 nm 650 nm 69.1 s 0.04 mM-!
395 nm 650 nm ND ND
490 nm (ref)
05 nm - 1P 650 nm 66 ps 0.041 mM-"
760 nm - 2P 430 nm (ref)
[Ru(dpp);)(TMSPS), in amino modified PS NPs (121 488 - 1P 630 nm ND ~0.87
nm) 830 nm - 2P
40, 614 nm 760 nm 57 s ~0.02 MM~
395 650 61ps ND
PLTFPP and PFO in acrylic polymer NPs (95 nm). 405 - 1P 650 nm 68 s 0.086 mM-"
760 - 2P 430 nm (ref)
WPF-Ir4 and WPF-Ir8 NPs (19 nm). 405 nm 630 nm 0.6 s 0.006 mmHg ?
450 nm (ref)
[Ru(dpp);]? " Cl; na NaYFs:Yb/Tm@NaYF, in 980 nm - UC 613 nm ns ND
mesoporous silica NP (50 nm) 477 nm (ref)
PLTFPP in PS-silane hybrid NPs (77 nm) 395 605 nm Ms ND

Nanoparticle Probes: NanO2

_ ot Sergeyfonton Gran fusere

Biocompatible polymer
Average size 35-50 nm
Z potential +45mV

Stable, bright, low toxicity @

Polymeric NP

Detection Modes:

probe | Exciation, nm | Emission | Readoutignal

NanO2  390-405 nm 650 nm Lifetime (s FLIM)

390-405nm 650 nm Intensity FercherA. et al - ACS Nano, 2011

Mitolmage™ Probe Family

600 -
NanO2 400 MM2 - NanO2-IR
500
o
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Wavelength, nm

Wavelength, nm

One-
photon

PFO Vis/Red or Red/NIR

1P and 2P excitation

Single 2 or ratiometric Intensity
Lifetime based sensing
Microscopes and animal imagers

00 600 0
Wavelength fom]

Dmitriev RI etal. - Adv. Funct. Mater 2012
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Conjugate
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Advantages:

« Enhanced brightness - up to 10-fold, 1P, 2P

« Tunable spectra, surface charge, cell
specificity

« Improved stability, tissue staining and
penetration

Dmitriev Rl etal. - ACSNano, 2015

Pt-Glc structure

e

Small Molecule Pt-Glc Probe

« Hydrophilic, water-soluble, neutral
- Efficient cell and tissue penetration
« Stable calibration

« High photostability, low toxicity

« Moderate brightness

Dmitriev R/ etal. - Blomater. Scl., 2074

P

In vivo Models

» Procedure:

Anaesthesia, surgery
Probe/Sensor application
Mounting cranial window
Commercial Intensity based imager
Sacrificing animal

Functional Brain Imaging
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Excitatory Signal Readout

» VSD - Cell depolarisation
- fast, localised response - ~50 ms

» O, Probe - tissue oxygenation, metabolism, hemodynamics
> Delayed, bi-phasic response
© Affects larger area
= Resembles BOLD-MRI, fNIRS signals
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Ex-vivo Models

e

Ex-Vivo Tissue: Experimental procedure

Euthanasia > Distal colon
BE====) > Urinary bladder
Tissue excisio > C tid art
P & mounting arotid artery

* 1-3hat37°C Stimulations I I
R )

Pt-Glc

PLIM/FLIM Imaging System

supercontinuum ps laser
Fianium, 400-650 nm, 4W Axio Examiner microscope (Zeiss)
DCS-120 Confocal FLIM (B&H)
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Occluded Carotid Artery Oxygenation

Control carotid artery 6 weeks after ligation

[ —,
180 0, [uM]

+ Bright staining of the tunica intima layer

* Dramatic effect of ligation on tissue oxygenation

O, in Inflamed Colonic Mucosa (DSS-
induced Colitis Model)

Perasntiles

;" 10¢ 10¢ lig 10%
KC mRNA tevel [log, ]
ZhdanovAV etal. - CMLS, 2016

Confirmed by OCR Measurements
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0O, in NOX1 Deficient Colon Tissue
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Prominent differences in ROS generation, but
marginal differences in tissue O, levels !
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Detailed Analysis - Grouﬁ,comparison 0, Gradients in Giant Umbrella Cells
Non-parametric Mann-Whitney U-test
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Calculated HIF prolyl hydroxylase 2 activities
O, Gradients are Dynamic

0, [uM] v [%V,,]
m 510 238
m10-15 3857
B1520 5774
m2030 74107
O 30-40 10.7-13.8
04050 138167

Resting

FCCP/EGTA AntA (80 min)
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ZhdanovAV-Am. J. Cell Physiol.. 2015 Zhdanov A et al, AJP-CP, 2015
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In vitro Tissue Models

Common Models

2D Momolayer 313 spheroid

Multicellular spheroids

+ Cell co-cultures

« Organoids
Engineered tissue scaffolds (@ Crypt-based stem cells
@) Paneth cells

+ Vascularised tissue @ Trans-amplitying region

- Enterocyles
“ ¢ Entercendocrine cells

@ Govlet cels

LUMEN

Environmental control and standardization remain bottlenecks
FLIM platforms can address these

Challenges - Tissue Staining

Bo ooy o

Pre-Staining with O, probes

Cell Death

Lipidure

30006000 3000 6000
Cells Seeded/ Spheroid
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Culturing Method and Oxygenation Culturing spheroids under hypoxia
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g « Neurospheres cultured

@ at 21% and 4% O, with I"
NanO2 probe. B B

« Imaged at 21% O,.

amprdiy ¥

Jenkins J. etal. - Blochem. J. 2016

. L e
Intestmal Organoids in Matrigel Physiological Studies

» Intestinal Organoid (SIO) Models:
Establish cultures
Characterise O, and respiration activity
Standardize, reduce heterogeneity
Conduct physiological studies

(0], 1M 2

x

mhasal
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Biomaterials
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Wapical

s heterogeneity

O, gradient between basal (blue) and
apical (violet) membranes (n=10):
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Other FLIM Probes & Assays
» pH probe - /. Mater. Chem. B, 2014, 2: 679. I.

» T - probe (NanO2 analog) -
Anal Chem, 2016, 88: 10566

» Cell Cycle assay (Hoechst 2334 and dBrU) - &
PLOS One, 2016, 11: 0167385

+ By

» K*-probe - Adv Funct Mater (in press)

» More in development
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