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Background and aimsThe arterial wall calcium score and circulatingefrDNA levels are
now used in clinical practice as biomarkers of marascular risk. Calcium phosphate apatite
retention in the arterial wall necessitates préatfmn on an anionic platform. Here, we
explore the role of tissue-free DNA as such a ptatt

Methods:The first step consisted of histological obsenmatf samples from human and rat
calcified arteries. Various stains were used toluata colocalization of free DNA with
calcified tissue (alizarin red, fluorescent Hoecld{A immunostaining and TUNEL assay).
Sections were treated by EDTA to reveal calcifmatbackgroundSecondly, a rat model of
vascular calcifications induced by intra-aorticusibns of free DNA and elastase + free DNA
was developed. Rat aortas underwent a micro-CTcdtwmium score calculation at 3 weeks.
Rat and human calcifications were qualitatively releterized usingiFourier Transform
Infrared SpectroscopyntTIR) and Field Emission-Scanning Electron MicrgscdFE-
SEM).

Results:Our histological study shows colocalization ofotfééd arterial plagues with free
DNA. In the intra-aortic infusion model, free DNAaw able to penetrate into the arterial wall
and induce calcifications whereas no microscopilcifczation was seen in control aortas. The
calcification score in the elastase + free DNA gravas significantly higher than in the
control groups. Qualitative evaluation with TIR and FE-SEM demonstrated typical calcium
phosphate retention in human and rat arterial apaTs.

Conclusions: This translational study demonstrates that freeADdbuld be involved in
arterial calcification formation by precipitatingalcium phosphate apatite crystals in the

vessel wall.



INTRODUCTION

The arterial wall is a frequent target of the alomar process of soft tissue calcification,
associated with numerous vascular pathologiesydat) atherosclerosis, aging, renal failure,
diabetes and rare genetic diseas€kerefore, the arterial wall calcium score qudiby X-

ray scanning is now used in clinical practice a® @f the strongest biomarkers of
cardiovascular risk. Nevertheless, the pathophysiology of initial aalc phosphate
precipitation in the vascular system is probably onique, and remains not completely
understood This process necessitates changes in the balstaeen ionized calcium and
phosphate concentrations, under the control of #maauscle cell (SMC) alkaline
phosphatase, which hydrolyzes organic phosphdrasssubstrate for phosphate release
within the arterial tissue. It also necessitatekiga phosphate precipitation on anionic
platforms, usually represented by matrix vesftlésdeed, there are arguments that initial
calcium phosphate precipitatibould be, at least in part, associated with ce#iss and
death, via the release of phosphorous from intiaeel metabolism and pro-calcifying
membrane phospholipid-rich micro-partiéé% On the other hand, the poly-anionic nature of
free DNA causes it to strongly interact with catowcalcium phosphate, and DNA is an
important source of phosphates. For example, hyaweatite columns were initially used to
purify DNA'!, and calcium phosphate nanoparticles are now aseekectors for cell DNA
transfection”. Nevertheless, to the best of our knowledge, de of arterial wall free DNA

in the initiation of calcifications has not yet Ineexplored in the microenvironment of
atherosclerotic pathologies.

The purpose of this study was to explore the cdilwatgon of free DNA and calcifying
nucleation in initial atheroma in human aortictissnd in intraluminal buds in the late stages

of femoral atherosclerosis, to define the naturthese calcified nuclei, and lastly, to develop



an animal model in which arterial calcificationse anduced by intraluminal infusion of

fragmented autologous DNA.



MATERIALS AND METHODS
This study consists of 2 parts: (1) the histologeeamination of calcifications from human
and rat arteries, (2) the characterization of anatlel of vascular calcifications, induced by

intra-aortic infusions of free DNA in various siticns.

Histological examination of calcifications from hunan and rat arteries

Human arteries

Samples of apparently healthy human aorta (n=@hfthe Inserm U1148 Biobank were
analyzed. Aortas that displayed early stages oératha (fibrous cap atheroma) were
analyzed further. Aortas were obtained from deakasgan donors with the authorization of
the French Biomedicine Agency (PFS 09-007) and afibmission of a legal statement to the
French Ministry of Research. Samples were fixecdb% paraformaldehyde, embedded in
paraffin and cut into 6im-thick sections for histological analysis. Simlijarsamples of
stenosed common femoral arteries (n=6), obtaine@&naiarterectomy from our vascular
surgery department (Xavier Bichat Hospital, AP-HB018 Paris), were also fixed, embedded
in paraffin and cut for histological analysis witbr without prior treatment with
ethylenediaminetetraacetic acid (EDTA). This EDTeatment was used because of its
ability to chelate calcium phosphate, thereby rkrgabackground hidden by calcium
phosphate precipitation.

Rat aneurysmal aortas

Aortic samples from rats that underwent intralurhimartic perfusion of pancreatic elastase,
along with, or without, repeated injections Rbrphyromonas gingivali$PG) as previously
described®, were fixed in 5% paraformaldehyde and embeddephiaffin to obtain 6rm-

thick sections for histological analysis.



Histological examination

Harvested arteries were embedded in paraffin anan6sections were cut. Sections were
deparaffinized and rehydrated in toluene and ethdmadhs. Several stains were used:
hematoxylin-eosin or Masson’s trichrome to expltne arterial structure, Alizarin red to
detect calcifications, Hoechst (binding of DNA Ad®n and Thymine), DNA
immunostaining (ab27156, Abcam) and TUNEL assag(frented DNA, Roche) before and

after decalcification by EDTA incubation, for fr&NA visualization.

Rat model of vascular calcifications

Free DNA preparation

Two Wistar rats were sacrificed under pentobarkarasthesia (0.3 cc/100 g). Both lungs
were harvested and kept at -20°C. The QlAamp DNodIimaxi (Qiagen) kit was used with
some modifications of the protocol. Forty mL of ATQiagen lysis buffer and 4 mL of
Qiagen proteinase K were added and incubated withsl overnight at +56°C to rupture cell
membranes. The 46 mL resulting solution was homiagenand distributed into 4 tubes. In
each tube, 11.5 mL of AL Qiagen buffer and an egoalme of absolute ethanol were added.
Following a 15-minute centrifugation at 760 G, thegernatant was loaded onto 4 Qiagen
columns including a silica membrane to fix free DNA

After two washings of each column, free DNA wasntlguted with 1 mL of sterile water.
Optical densities were measured at 260 and 280 sing & NanoDrop spectrophotometer to
assess the quality and quantity of the resultingARdlutions. Aliquots of 300 microL were
sonicated for 36 minutes with intermittent coolipgriods at 4°C each 6 minutes. The
ultrasound waves caused the fragmentation of DNragment sizes were measured by
agarose gel electrophoresis with a DNA scale an@ wemprised between 100 and 600 bp.

Following fragmentation, DNA was mixed with a Hostkolution.



Surgical procedure: in vivo intra-aortic perfusioof free DNA

Male Wistar rats (7-8 weeks, 300-350 grams) werglomized for intra-aortic infusion of
various solutions: free DNA alone, elastase infagmlowed by free DNA infusion, elastase
alone and isotonic saline alone (control group)e Pphocedure and the animal care complied
with the principles formulated by the National Satgifor Medical Research (animal facility
agreement: n° B75-18-03, experimentation authadmah® 75-101), and this study was
performed after a favorable decision of the Infithal Review Board for Animal Care, with
the declaration (n° 5743) to the French MinistryRefsearch.

The technique was similar to the aneurysm modeinth-aortic perfusion of pancreatic
elastas¥. Briefly, following general anesthesia with peradtital and midline laparotomy,
the abdominal aorta was exposed over 15 millimet€dlaterals were ligated using 9/0
polypropylene sutures. The aorta was clamped béb@renal artery and at the level of the
bifurcation, this isolating an infra-aortic segmeAt distal transversal arteriotomy allowed
introduction of a polyethylene microcatheter PE(@lay Adams, Parsippany, NJ) into this
segment. The distal aorta was secured to the eatteetivoid leaks and the infrarenal aortic
segment was perfused at 0.55 mL/h constant flo@aminutes. After perfusion, the catheter
was retrieved and the aortotomy closed using impded sutures of polypropylene 10/0. The
midline laparotomy was closed in a standard fashiwh an analgesic subcutaneous injection
of Buprenorphine (0.1mg/kg) was given.

Perfused solutions

Rats were first perfused with an elastase soluf@s%6) or with an isotonic solution (NacCl
9%o, control animals) during 5 minutes. Then, ansnakre perfused with the fragmented
DNA (0.25 g/ L) or with the same isotonic solution (control aais). This allowed us to
constitute four study groups: (1) the control grdigplely perfused with isotonic saline

solution), (2) a group perfused with elastase gl¢dethe free DNA alone group and (4) the



elastase + free DNA group.

In order to visualize the localization of fragmehtBNA in the aorta 12 hours after its
perfusion, 2 additional rats underwent intra-aofpierfusion with the fragmented DNA
solution (0.25 g/ L) labeled with Hoechst 33342 (1081).

Ex vivo quantification of calcifications with micreCT analysis

Volumetric imaging was performed with the Quantuid ficro-Computed Tomography
(micro-CT, PerkinElmer) from the dental faculty bfontrouge (EA 2496 team imaging
platform). Ten rats that had undergone intra-aqacfusion of elastase + free-DNA three
weeks previously were anesthetized with pentokarbiTheir aortas were examined
sequentially with the Quantum FX micro-CT. The aaltc score was established by
calculating the ratio between the volume of calciarystals and the total sample volume
using dedicated software (CTAn, Sky Scan) as desdiby Awan et af°

EXx vivo tissue analyses

All rats (except the two perfused with the fragneehDNA labeled by the Hoechst solution)
were sacrificed 3 weeks after the intra-aortic g&dn. Intraperitoneal anesthesia with
pentobarbital was performed. Before death, theuwassystem was washed with 40 mL of
isotonic saline using a polyethylene PE50 cathieteoduced through the left carotid artery,
and 20 mL of formalin were perfused. Abdominal asnivere harvested and both separated
into two parts. The first part was fixed in a 3.paraformaldehyde (PFA) solution and the
second part was frozen at -80°C.

For the two rats perfused with free DNA associat#ti the Hoechst 3342 solution, one was
sacrificed immediately after the intervention ahé obther one, after 12 hours. Abdominal
aortas were harvested as previously described wmrf in optimal cutting temperature

(OCT).



Harvested aortas were treated as described abeee “fdaterial and Methods” section,

“Histological examination of calcifications from lnan and rat arteries” subsection).

Qualitative evaluation with nfourier Transform Infrared Spectroscopy (WRTIR) and
Scanning Electron Microscopy (SEMJ®

Spotlight 400nFTIR Imaging system (Perkin Elmer) from the ColletgeFrance was used to
perform a comparativex vivo qualitative evaluation of rat and human calcificas. The
nFTIR spectrometer was equipped with a liquid nigiogooled 16-element linear array
Mercury Cadmium Telluride (MCT) detector. Aortiadgds were disposed on Low-E slides.
Neither prior preparation nor staining was necgsskarget zones were pre-identified using
Alizarin red staining on serial sections. AFFTIR spectra were collected in the mid-infrared
from 4000 cnt to 650 cnt using 16 cnt spectral resolution and 64 accumulations for each
collection by the array. Absorbance wavelengthditiérent samples were obtained with the
Spectrum software (Perkin Elmer).

A Zeiss SUPRAS55-VP SEM was used for observatioral€ification microstructure. This
field-effect “gun” microscope (FE-SEM) operate9di-30 kV. High-resolution observations
were obtained using two secondary electron (SEgati@ts: an in-lens SE detector and an
Everhart-Thornley SE detector. To maintain thegritg of the samples, measurements were
made at low voltage (between 0.5 and 2 kV) withitlngt usual deposits of carbon on the

surface of the sample.

Statistical analyses
Statistical analyses were performed using the $at\software v5.0 (SAS Institute Inc,

Cary, NC). Calculated variables are expressed atiamewith interquartile range. Results



were compared using the non-parametric Kruskal-d/athd Mann-Whitney tests. pvalue

<0.05 was considered significant.



RESULTS

Histological examination of calcifications from hunan and rat arteries, and
colocalization with free DNA

Human arteries

Spontaneous calcifications in early human atheroma

Although the human aortas examined were supposeuk tbealthy, 50% (3/6) presented
macroscopic signs of early atheroma, including odiilsr cap atheroma. Histological
examination revealed microscopic calcificationsedd calcifications were demonstrated by
Alizarin red in intimal areas of fibrous cap athma Sometimes, Alizarin red staining
extended to the medial layer and potentially atsohe macroscopically healthy aorta (Fig.
1A). Alizarin red staining was suppressed by p@ibation of the section with EDTA (Fig.
1B). DNA immunostaining and Hoechst staining shoveedracellular free DNA within
calcified areas (Fig. 1D-1). TUNEL assay revealechilar results (data not shown). In
contrast to calcifications, this extracellular frB&NA background was not suppressed by
EDTA (Fig. 1E, H and 1). This colocalization of cdications with DNA was found in all

human atherosclerotic specimefsifplemental Fig.)1

Characterization of spontaneous calcifications unfan aortas

The different absorption bands of calcium phosplaatite (CA),amorphous carbonated
calciumphosphate (ACCP) and hydroxyapatite crystals (H&)veell known (Fig. 2A). More
precisely, then, O-P-O bending mode corresponds to the double®2#563 cn, while the

n; andnz P-O stretching vibration modes are measured a98@0cm’ and 1035-1045 cih
respectively. Note that the bands at 3570 and #83 eorresponding to the stretching and
vibrational modes of the Olgroups are almost absent for the biological agmtihamely CA,

since human apatites are O&hd calcium-deficient. Finally, a key point in thealysis is



related to the presence of a shoulder around 1665i thens absorption band, which can
be used as a fingerprint for the presence of th€RCompound. Our analysis revealed that
spontaneous calcifications in humans are mainlyacherized by the presence of ACCP, and
to a lesser extent by CA entities as demonstragatid shape of the 1074 &nband (Fig. 2B
and C, corresponding to the serial section of $@plemental Fig.:1plaque shoulder in
fibro-atheroma). These results were confirmed byMSEvhich showed typical calcium

phosphate retention in human aortas (Fig. 2D).

Intraluminal calcified buds in human femoral artery

Intraluminal buds of heavy calcifications were atvee in the endarterectomy plaques from
the human femoral artery (Fig. 3). These heavilgitead buds did not allow usual sectioning
after fixation and paraffin embedding. After treatm of the section by EDTA (rendering the
sample to be cut), these buds were histologicdipracterized by the presence of remnant
Alizarin red positive areas (Fig. 3A and B), redbdd cells surrounding calcifications
(Fig.3C) and free DNA detected by DNA immunostain{frig. 3D-F) and Hoechst staining

(Fig. 3G-H).

Rat aneurysmal aortas

As in humans, experimental aneurysms in rats haea bbeported to contain calcifications in
association with free DNA reledSeHere we useth vivo CT scan to detect calcifications in
elastase-induced experimental aneurysms in &atpglemental Fig.&). These calcifications
were also histologically observed in the wall ofgh aneurysms (Alizarin reBupplemental
Fig. 2B). Hoechst used before EDTA treatment mainly sthicedl nuclei but not calcification

background $upplemental Fig. Q). In contrast, after EDTA treatment, Hoechst aogler



stained cell nuclei but the extracellular free DNihich colocalized with Hoechst positive
areas even after EDTA treatment of the secti®applemental Fig. 2D The presence of
DNA background was confirmed by immunochemistry extracellular free DNA

(Supplemental Fig. 2eafter EDTA.

Rat model of vascular calcifications

Intra-aortic penetration of free DNA

Hoechst prestaining of perfused free fragmented INi#hout Hoechst direct staining of the
section) demonstrated an intense intramural loatdin twelve hours following intra-aortic
DNA infusion. The three aortic layers (intima, nmeedand adventitia) displayed positive
stained DNA, demonstrating that the free fragmem®A had largely penetrated into the
arterial wall Fig. 4A-D).

Visualization of calcifications with Alizarin red

At 3 weeks, no microscopic calcification was seersham aortas perfused with saline (not
shown). Calcifications appeared in the abdomindi@segment perfused by free fragmented
DNA, as punctiform Alizarin red staining before ERTireatment and positive Hoechst
staining after EDTA treatmenFig. 4E-H). Among the study groups, nearly no calcifications
were detected in the control group and in the atesgroup. However, 7/9 (78%) and 8/9
(89%) rat aortas presented microscopic calcification the free-DNA group and the elastase
+ free-DNA group, respectively.

Ex vivo quantitative evaluation of aortic calcifi¢eons

A total of 36 rat aortas were analyzexivivousing micro-CT (9 in the free DNA group, 9 in
the elastase + free DNA group, 9 in the elastasapyand 9 controls perfused with saline).

The calcification sites appeared as white radiopageas (Fig.5A and B).



The calcification scores were statistically differdetween the group<0.003; Kruskal-
Wallis test). The calcification score was signifidlg higher in the elastase + free DNA group
compared to the elastase alone grqu®(005), and the control group=0.002; Fig. 5C).
Characterization of calcifications induced in ratcatas

nFTIR experiments performed on a set of rat aontam fthe elastase + free DNA group
demonstrated the presence of CA deposition viamtkasurements of the absorption band
positioned at 1026 ci(Supplemental Fig.)3 In contrast to human arteries, there was less

ACCP deposition.



DISCUSSION

The etiopathogenesis of microcalcifications in &neerial wall probably varies depending on
local and general environméhtIn particular, two stages have been identifiefirst one in
which cell-released extracellular microvesiclesysmes and apoptotic bodies are identified
as hot spots of calcium phosphate precipitafjafue to the presence of exposed phosphatidyl
serine, annexins, S100A9 and the release of inorganic phosphorus or platephand a
second one in which vSMCs acquire an osteoblastglienotype leading to the development
of bone-like tissue within the arterial wallIn this context, prelamin A has been identified a
promoting vSMC calcification and senescence by dimty DNA damag¥. Since calcium
phosphate can be cleared by fetuin, a circulatlagnpa protein able to form complexes with
it’8, calcium phosphate must be precipitated on a masia necessary step in order to be
retained within the soft tissue.

In the present study we identified free DNA as depbtal nidus for calcium phosphate
precipitation and hydroxyapatite crystallizationtire early stages of human atheroma. We
colocalized free DNA with sites of calcification wdopment in human aortic fibrous cap
atheroma (Fig. 1). A well-formed plexogenic corergsunded by an overlying fibrous cap
characterizes fibrous cap atherdhdhe plexogenic core is made of a combinatioripids$
and cellular debris while the fibrous cap consist¥SMC in a collagenous proteoglycan
matrix, with varying degrees of infiltration by nraphages and lymphocytes. Initial plaque
formation is characterized by the disappearanceSMCs and DNA release, particularly in
the shoulder area. We also identified similar aspecthe shoulder of initial aortic plaques
(Supplemental Fig.)1 Since the calcium phosphate precipitation cénhit the accessibility

of the DNA ligand, we pretreated the sections VIDTA, a chelator of divalent cations, a
method that allows the subsequent detection of DdyAan anti-DNA antibody, TUNEL

assay or Hoechst staining. Noteworthy, EDTA alselaties ionized iron.



Observations with a FE-SEM to depict the structgtedracteristics of abnormal deposits at
the nanometer scale have been performed. On the sene samples, their chemical
identification at the micrometer scale has been anaid PFTIR spectroscopy. Previous
publicationd® ?* have already underlined the fact that such phgkiemical techniques are
able to provide more significant information thaaiising procedures alone (such Alizarin red
or Von Kossa technique for example). In our casewere able to point out the presence of
amorphous carbonated calcium phosphate (ACCP), emichl phase considered as the
precursor of calcium phosphate apatite (CA), in bimation with CA in human arteries (Fig.
2). Such observations may indicate that, in humaerias, we observed a dynamic
phenomenon including the very first steps of thieifteation process highlighted by ACCP
presence, along with a more advanced phase chazadteby CA. In contrast, the rat
calcifications appeared to only display isolated. TAis may be related to the characteristics
of our experimental model in which a single free Dperfusion was performed three weeks
before sacrifice. An earlier observation of the fpeed rat aortic wall may reveal a
combination of ACCP and CA. This point remains ¢éodemonstrated in further study.
Macroscopically, calcified intraluminal buds leaglito stenosis are more frequent in femoral
than in carotid arteriés Therefore we raised the question of the potertial of free DNA in
the formation of this specific form of stenosis. ings EDTA-induced incomplete
decalcification, we observed that intraluminal aalc phosphate accumulation usually
developed on a collagen matrix background and wasya associated with micro- or
macrohemorrhages. This EDTA-resistant backgrounsl eaiched by DNA, which can be
detected by Hoechst 33342 and an anti-DNA speaiittbody. The intraluminal budding of
calcification could be related to an initial luminaotrusion of calcium phosphate crystals on
which circulating free DNA could bind, causing galo phosphate to precipitate, forming a

vicious circle of DNA/calcium phosphate precipicafi’.



The aortic wall of human AAA is highly calcified. #fecently published in an experimental
model of AAA that repeated injections of weak pas increased the aneurysm diameter
by increasing the neutrophil content in the intailbal thrombu&’, enhancing both the
content and release of cell-free DNA and wall daations in rat®. Thus, here we tested the
hypothesis that this increase in calcificationslddae linked, at least in part, to the presence
of free DNA. We also observed that vascular calations in human atherosclerosis were
always associated with micro- or macrohemorrhalgethis context, rigid calcifications in the
distensible arterial wall introduce a compliancesmatch between the calcification and the
soft tissue and failure stress with tears at therfacé®?". One of the methodological
consequences of this phenomenon is the difficuttyusing fluorescent technology for
immunostaining, due to the autofluorescence of lybotn.

Finally we developed a rat model of intralumindiusion of free small fragments of DNA
alone, or associated with elastase, in order tamc#the radial convection of DNA through
the aortic wall. In this model, DNA pre-stained hvitloechst 33342 was easily detectable
throughout the wall and the infused segment deeelopidi of calcification. These nuclei
could be due to a direct ability of free DNA to gipgtate calcium, although an indirect effect
cannot be completely excluded. In this experimentaidel, the quantity of calcium
precipitate measured by microCT appeared to beslyr@ssociated with the level of radial
convection of DNA. The calcium score was signifitarmigher in the elastase + free DNA
group, and it should be recalled that elastin katealn might play a direct role in calcium
phosphate precipitatiéh Of note, infusion of elastase without DNA failed create
substantial calcifications.

Vascular calcifications have been particularly s#gddn the setting of end-stage renal disease
(ESRD) with dialysi&’, and in a less manner in diabetes meffttushe incidence of vascular

calcifications is highly increased in these comtiigf® and is associated with an increased



cardiovascular risk. Recent works demonstrated that circulating fréADvas increased in
these settingé and also associated with cardiovascular morbi-alieyt*>> Our study
demonstrates that radial convection of free DNAowd it to precipitate with calcium
phosphate overload. Therefore, increased leveldred-DNA combined with defective
clearanc® could be involved in vascular calcifications obser in ESRD and diabetes
mellitus patients. Since other mechanisms of vascaalcification have been previously
described in these settings, this point remaindédoconfirmed in specific experimental
models.

Taken together, these different observational aqpaé@mental results suggest that free DNA,
present in the arterial tissue in relation to ckdath, could represent one type of molecular
platform able to initiate calcium phosphate prdeifpon and CA crystal formation. This
mechanism does not exclude the other well-descii@ldgical processes, particularly that

involving microvesicle formation by injured cells’.
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FIGURE LEGENDS

Fig. 1. Colocalization of free DNA and calcifications irhaman aortic fibrous cap atheroma
(x20).

EDTA treatment is used to remove calcium cryst@sicification detection by Alizarin red

before (A) and after (B) EDTA treatment of the s@mtt Macroscopic view is shown in C: the
yellow lipid core is luminally covered by a whitabfo-cellular cap. Corresponding

extracellular DNA detected by immunostaining befi@@ and after (E) EDTA treatment of

the section (DNA in brown). Negative control is simin F. Hoechst staining is initially

negative (G) but EDTA treatment reveals a free Didkground (H, 1) in the calcified area.

Fig. 2. Characterization of calcium phosphate crystalsanyehuman plaques.

(A) Reference infrared spectra of different calciphosphate compounds: micrometer size
crystals of hydroxyapatite (HA; red), nanometerlesaaystal of calcium phosphate apatite
(CA; blue), and amorphous carbonated calcium phetepfACCP; black).

(B) Infrared cartography and (C) spectra of ACCRidpand CA (red) in the shoulder of a
human atherosclerotic plaque (Alizarin red).

(D) Visualization of calcium phosphate crystalsSpanning Electron Microscopy

Fig. 3. Colocalization of free DNA with calcification intraluminal buds of a human femoral
artery endarterectomy after treatment of sectignSDTA.

Alzarin red staining (A, B) confirms the preserwecalcification (in orange), even after
EDTA treatment. These calcifications are associatétl the presence of red blood cells
(RBC) after Diaminobenzidine (DAB) coloration (CBesides some nuclei, DNA

immunostaining confirms the association of free DNith hydroxyapatite crystals (D, E, F).



Hoechst staining confirms the free DNA backgroumdhieas of hydroxyapatite crystals (G,
H). (I) Macroscopic aspect of corresponding intnainal buds in a human femoral artery

showing the presence of blood associated withfeadiciesions.

Fig. 4: Transmural convection of luminally-infused free DNocross the arterial wall.
Hoechst staining reveals punctiform presence afsed free fragmented DNA (A) in the 3
layers of the arterial wall (intima, media, advaeatiB, C, D) 12 hours after infusion. The
perfused free DNA was prestained by Hoechst whetteasection was not Hoechst-treated.
Therefore, the Hoechst positivities only corresptimperfused DNA.

Twenty-one days later, Alizarin red staining shotke presence of punctate nuclei of
calcification within the media (E). After calcifitan removal by EDTA (F), Hoechst
staining, which was initially negative (G), reve#ie free DNA background (H). The crystal
structure is recognizable on this high magnifiaatioset (X40). (*) indicates the suture line

on the serial sections.

Fig. 5: Quantification of calcifications in rat aortas iséd by free fragmented DNA using
microCTscan.

(A) View of a control aorta perfused by saline. \Bgw of an aorta perfused by free DNA;
calcifications in white. (C) Histogram of quantitat calcification scores (calcified volume

/total volume of tissue X 19 *** mean<0.05 between the groups)
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Figure 1: Colocalization of free DNA and Alizarin red positive area in the shoulder of a
lipid core from fibrous cap atheroma (x20).
Free DNA is stained using Hoechst (A) without EDTi&atment. Calcification areas are

stained using Alizarin red in the correspondingudtier area (B).

Figure 2: Calcifications of experimentally inducedAAA in rat abdominal aorta.

(A) In vivo visualization of circumferential calcifications Ifite arrows) by CTscan in an
experimental model of aneurysmal abdominal aortats

(B) Nanozoomer reconstitution of the aneurysmagrgrtwith Alizarin red staining of the
dilated aortic wall. Below: enlarged view (X20)tbk area of the calcification nucleus.

(C) Corresponding area stained by Hoechst befeegrtrent of the section by EDTA.

(D) Corresponding area stained by Hoechst afteatrtrent of the section by EDTA
demonstrating the presence of tissue-free DNA @ssatwith a calcification nucleus.

(E) Immunohistochemistry of free DNA (DAB, browm) the corresponding area.

Figure 3: Characterization of calcium phosphate crgtals in rat aortas infused by
elastase and fragmented free DNA.

(A) Experimentally induced calcification nuclei (2&rin red, red for calcifications).

(B) Infrared cartography and (C) infrared spectientifying calcium phosphate apatite (CA)
alone. In the cartography, colors indicate CA istgnbased on the 1026 cm-1 position (green
line).

(D) Scanning Electron Microscopy showing calciunogbhate deposition.



Alizarin red Alizarin red after EDTA Macroscopy
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Highlights:

- Free DNA colocalizes with calcifications in humardaat arteries

- EDTA calcium chelation allowed to identify free DN&& background of calcification
- A calcification model based on intra-aortic free ®fusion is presented

- Free DNA may serve as an anionic platform predipigecalcium phosphate



