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Introduction | Results | Conclusion and perspectives

Nuclear and mitochondrial DNA release
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Potential clinical applications of circulating DNA
in the course of cancer management care
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Study of the Topology of circulating nuclear DNA

Analysis of the size fragment
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Taken together our data showed:

* We could estimate the proportion of cfDNA
inserted in
-mono-nucleosomes, 67.5-80%,
-di-nucleosomes, 9.4-11.5%
and chromatin (>1,000bp) as 8.5-21.0%.

e that only a minor proportion of cfDNA is bigger
than that existing in mono-nucleosome or
transcription factor complexes circulating in blood.

e Although DNA on single chromatosomes or mono-
nucleosomes is detectable, our data revealed that
cfDNA is highly nicked (97-98%) on those
structures, which appear to be subjected to
continuous nuclease activity in the bloodstream.

T, T = . T R = T P T =R~ TR =T =R o

Sanchez et al. JCI Insight, 2021



cfDNA fragmentomics study

Electrophoresis Atomic force microscopy | | Quantitative PCR Sequencing
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HIGHLIGHTS: * We first demonstrated the cfDNA high fragmentation
* Tumor derived cfDNA are more fragmented than non-tumor cell derived cfDNA
* Size distribution as determined by Q-PCR analysis alike SSP- Sequencing
e SSP-Sequencing as novel way for analyzing cfDNA



cfDNA fragmentomics study

Electrophoresis Atomic force microscopy | | Quantitative PCR Sequencing
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Our strategy is to combined the available methods to

e provide the harmonization of the cfDNA size profile

* elucidate the structures associated with cfDNA in the circulation
* fragmentomics as a possible way toward diagnostics



Introduction | Results | Conclusion and perspectives

ldentify the structural characterization of

extracellular DNA

Specifically

§\’Extracellular mitochondrial DNA

-

12



Introduction | Results | Conclusion and perspectives

Circulating mitochondrial DNA structure:

Fragmentation of McfDNA: Structure/Forms (Topology) of McfDNA:

|.  Highly fragmented: |.  Both particle-associated and free mitochondrial

2ep. 2016 . PMCID: PMC5035863 DNA are present in plasma:

PMID: 27811968

\F/:Iary Short Mitochondrial DNA Fragments and Heteroplasmy in Human Clin Chem, 2003 May;49(5):719-26.
asma

Ruoyu Zhang“'* Kiichi Nakah\ra,z'kmaox\an Guo,’ Augustine M.K. Choi 2 and leenqlor]g@a'1

Quantitative analysis of circulating mitochondrial DNA in plasma.
Chiu RW', Chan LY Lam MY Tsui NB, Mg EK, Rainer TH, Lo YM.

II.  Full length genome: II.  Packed in vesicles:

. - Proc Natl Acad Sci U S A 2017 Oct 24;114(43)E9066-E3075. doi- 10.1073/pnas. 1704862114 Epub 2017 Oct 11.
Mol Genet Metab. 2018 Dec;125(4):332-337. doi: 10.1016/j.ymgme. 2018.10.002. Epub 2018 Oct 16.

. . . . . . . Packaging and transfer of mitochondrial DNA via exosomes regulate escape from dormancy in
Plasma-derived cell-free mitochondrial DNA: A novel non-invasive methodology to identify hormonal therapy-resistant breast cancer.

mitochondrial DNA haplogroups in humans. Sansone P12 savini ¢3*5 Kurelac 1P, Chang Q3 Amato LB® Strillacci A37, Stepanova A% lommarini L® Mastroleo ¢3, Daly L%, Galkin A%10, Thakur B!,
Newell Cﬂ, Hume Sz, Greenway sc3, Podemski L2‘ Shearer J4‘ Khan A%,

Soplop N2, Uryu K'2, Hoshino A2, Norton L3, Bonafé M*®, Cricca M Gasparre G2, Lyden D%, Bromberg 4112

> J Neural Transm (Vienna). 2010 Jan;117(1):1-4. doi: 10.1007/500702-009-0288-8. Epub 2009 Aug 13.

Astrocytes and Glioblastoma cells release exosomes
carrying mtDNA

Michele Guescini !, Susanna Genedani, Vilberto Stocchi, Luigi Francesco Agnati
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Introduction | Results | Conclusion and perspectives

The circulating mitochondrial DNA structures are poorly
known

Mitochondrial DNA :
Important structural differences with
nuclear DNA:

» Mitochondrial DNA is a small DNA

 Circular

» Elevated mitochondrial DNA copy %
number

« Unprotected by histones »



Study of the Topology of circulating mitochondrial DNA

Analysis of the size fragment
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Plasma isolation by double centrifugation
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This is the conventional plasma preparation to extract cfDNA
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Introduction | Results | Conclusion and perspectives

Mitochondrial circulating DNA Is less fragmented than
nuclear circulating DNA
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Approximately 10 % of cirDNA mass is composed of fragments below 500 bp
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Introduction | Results | Conclusion and perspectives

Size distribution of mitochondrial circulating DNA by sWGS
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Introduction | Results | Conclusion and perspectives

Size distribution of mitochondrial circulating DNA

Calculation based on

p-PCR and WGS:

Percent of fragments
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Circulating mitochondrial DNA is
composed at least from two
populations

Minority : 30 bp < DNA < 300 bp
Majority : DNA =1 000 bp
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Study of the Topology of circulating mitochondrial DNA

Indirect physical analysis
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McfDNA and NcfDNA sedimentation differences as determined by centrifugation
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Introduction | Results | Conclusion and perspectives | Contributions

McfDNA and NcfDNA overall size differences as determined by plasma 0.22uM filtration
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Introduction | Results | Conclusion and perspectives

The data support the existence of a significant fraction of particles
pelletable at 16,000g and filterable with 0,22um that contain
mitochondrial DNA

Plausible candidates include:

In vitro mitochondria released by activated platelets
Platelets
Macrovesicles containing mitochondrial DNA

Mitochondria released by cells

24




Introduction | Results | Conclusion and perspectives

Plasma isolation without platelets activation
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Significant fraction of particles contains mitochondrial DNA in plasma

Differential centrifugation effect on

© e
IS
plasma 20— 7 ——,
(2 5009 / 16 000g9) - - ns S o7 ' 2
= 1S
c 10° E
2 1S
~ 107%% )
< e
z —
o <
[3) P4
z [a]
. . . - o 101 ' G 10° '
Flltrathn using hydrophilic 0,22pm E o < R < s o P o
filters effect on plasma 2 o ® o = & S N o
< S ® S Vv O 3 O
Q- \/@\ f],(? Y bQ

DNA concentration variation between
25009 and 160009
for mitochondrial DNA is significantly more important
than nuclear DNA in centrifuged plasma




Introduction | Results | Conclusion and perspectives

The data support the existence of a significant fraction of particles that
contain mitochondrial DNA

Plausible candidates include:
« -Mitochenrdriareleased-By-activated platelets

 Platelets

« Macrovesicles containing mitochondrial DNA

« Mitochondria released by cells
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Cell culture supernatant isolation

- DLD1 (ATCC)
« SW620 (ATCC)
« CCD-18Co (Turtoi’s Lab)

600g 10 min
5 ml

R 7
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Introduction | Results | Conclusion and perspectives

Significant fraction of particles contains mitochondrial DNA in
DLD1, SW620, CCD-18Co culture media
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Significant fraction of particles contains mitochondrial DNA in
DLD1, SW620, CCD-18Co culture media
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Significant fraction of particles contains mitochondrial DNA in
DLD1, SW620, CCD-18Co culture media
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DNA concentration variation between
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for mitochondrial DNA is significantly more important
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Introduction | Results | Conclusion and perspectives

Plasma and cell culture media contain
McfDNA In dense and stable structure
larger than 0,22um excluding platelets as
a source candidates.
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Introduction | Results | Conclusion and perspectives

The data support the existence of a significant fraction of particles that
contain mitochondrial DNA

Plausible candidates include:
« -Mitochenrdriareleased-By-activated platelets
« Platelets

« Macrovesicles containing mitochondrial DNA

« Mitochondria released by cells
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Study of the Topology of circulating mitochondrial DNA

Genome analysis
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The presence of full length mitochondrial DNA in the pellet of cell media and

plasma
Cell media pellet Plasma pellet
M| tOl tadder C+ P1 P2 C- C- C-  ‘Ladder ladder C+ P1 P2 C- G C  ladder
hmt2 (3968) Mito1 e (SRS
(7626) hmt1 (9289)

150040

MtDNA
sequence
16.6K bp

NC 01292050

Mito2

Mito3
(7814)

Mito3

Mito2
(5513)

htm1

The Development of Next-Generation Sequencing Assays for the Mitochondrial
Genome and 108 Nuclear Genes Associated with Mitochondrial Disorders.
Dames et al.

htm2







Study of the Topology of circulating mitochondrial DNA

Microscopy analysis
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Cell culture media and plasma Pellet stained using
Mitotracker green

Plasma without activation SW620 DLD1

FASEB J. 2020 Mar:34(3):3616-3630,



Study of the Topology of circulating mitochondrial DNA

Mitochondria FACS analysis
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Count

Count

The presence of mitochondrial material in the plasma and cell media supernatant

Fluorescence signal of mitotracker detected in cell media and plasma pellet by flow cytometer:

C+: Isolated mitochondria
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Study of the Topology of circulating mitochondrial DNA

Cell biology analysis
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The presence of mitochondrial transporter TOM22 and TIM23 in the plasma and
cell media supernatant

Mitochondria

C+: isolated mitochondria 8,000g pellet
TOM
)\ )\
[ | [ |
a::z)rane DLD1 CCD SW620 SW620 DLD1 CCD SW620 Plasma
a b c d e f g h
”.‘ ' - . Tom22
8,000g pellet C+: isolated mitochondria
] \
Inner ( \ { \
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a b C d e f g h
w - *. Tim 23
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Study of the Topology of circulating mitochondrial DNA

Microscopy analysis
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Confirmation of double membrane structure using electron
microscopy

healthy donor’s plasma pellet: SW620 Cell media pellet: DLD1 Cell media pellet:

B &“w“-w,v f

>
‘.‘
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Study of the Topology of circulating mitochondrial DNA

Functional assay
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Confirmation of respiratory-competent mitochondria in the plasma of healthy
individuals and DLD-1 cell media supernatant

Seahorse technology
Metamontp Platform

OCR Data
Rtn Succ AA Asc/TMPD
500 - &~ Positive Control
Plasma pellet
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= 3007 3l Electron flow assay clearly
= : : : /T indicates that the pellets isolated
E 2007 /% : : from DLD-1 culture media, as
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: : : : oxygen and are sensitive to
0 - 4-0§ — - o complex | inhibition by rotenone,
: and to complex IV stimulation by
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Introduction | Results | Conclusion and perspectives

Blood contains circulating Extracellular respiratory competent
mitochondpria in blood circulation

healthy donor’s plasma pellet: SW620 Cell media pellet: DLD1 Cell media pellet

Upon our estimation, there are between 0.1 to 1.8 millions of circulating cell-free mitochondria per mL of blood
47



Study of the Topology of circulating mitochondrial DNA

Differential centrifugation
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Differential centrifugation effect on plasma
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Differential centrifugation effect on plasma /

Nuclear DNA copy number Mitochondrial DNA copy number
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Study of the Topology of circulating mitochondrial DNA

Conclusion
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The presence of cell-free intact mitochondpria in the blood under

physiological state
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What could be the impact of intact
free mitochondria presence in the
circulation?
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Inflammation:

DAMP
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Inflammation:
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Team’s study on the diagnostic value of vesicular circulating mitochondrial DNA
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Use of machine learning for selecting the best combinaison

Selected decision tree
From resampling
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Over all these repetitions : RefA seems to be the more often the
most important variable amongs all the others, then KRAS145,
then MNR, then and finally Mito. The other variables
may be not relevant.
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