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Involvement of proinflammatory S100A9/A8
in the atherocalcinosis of aortic valves

R. A. Moskalenko?®, A. M. Romaniuk?, I. O. lashchishyn'?, |.-M. S. Zakorko?,
A. M. Piddubnyit, Ye. 0. Chernov?, L. 0. Morozova-Roche?

Sumy State University, Ukraine, 2Umea University, Sweden

According to the results of the Euro-Heart Survey on Vascular Heart Disease the most common pathology is nonrheumatic
aortic stenosis, it is also called as calcific aortic valve stenosis (CAVS), as in its pathogenesis the process of biomineralization
of valve cusps and ring plays the main role.

The aim of the work is the immunohistochemical study of mineralized tissue of aortic heart valves, which are affected by
atherocalcinosis.

Materials and methods. 30 samples of mineralized aortic valves (I group) and 10 samples of aortic valve without evidence of
biomineralization (Il group — control) were studied. Immunohistochemical study of expression of collagen (Collagen I), CD68,
myeloperoxidase (MPO), calgranulin A (S100A8), calgranulin B (S100A9), caspase 3 (Casp 3) and osteopontin (OPN) was
conducted in AV tissue of both groups.

Results. In CAV tissues the fibrillar component (collagen I) growths was found, but the quantitative and qualitative compositions
of CD68+ circulating inflammatory cells are not significantly different from the control group. CAVs contain much more
MPO+-cells (p <0.001) in comparison to the group of AVs without biomineralization.

Our data show a significant increase of the S100A9 and OPN expression in the mineralized tissue of AVs (p<0.01). Also, a
higher expression level of Casp3 and MPO was found in CAVs (p<0.05). Comparing the first and the second groups of AVs
connection between the expression of S100A8 was not determined.

Conclusion. High Casp 3 expression confirms the increased level of cell elimination in the CAVs tissue, which is obviously
connected with the impact of high local concentrations of S100A9. These facts can contribute to the development of pathological
biomineralization of AV. Since osteopontin inhibits the hydroxyapatite formation by binding to the surface of the crystals, its
hyperproduction is a counteracting factor against biomineralization in AV tissue.

Yyactb npo3ananbHux 6inkie S100A9/A8 y aTepoKanbLUHO3I
aopTaAbHUX KAaNaHiB

P. A. MockaneHko, A. M. PomaHtok, I. 0. AwuwuH, 1.-M. C. 3akopko, A. M. Mipay6Hui,
€. 0. YepHos, A. 0. Mopo3soBa-PoLue

3rigHo 3 pesynbrataMmy €BPONENCHKOro AOCTimKeHHs cepueBux Baa (Euro-Heart Survey on Vascular Heart Disease), cepeq
ypaxeHb CepLeBrX KranaHiB HaWMoLUMPEHILLOK NaTorONE € HEPEBMATUYHWI aopTanbHWUM CTEHO3, SKUI TaKOXK Ha3MBaKTb
KanbLymdikoBaHMM aopTanbHuM cTeHo3oM (KAC), 60 y Moro natoreHesi rorioBHa posib HanexuTb npouecy GiomiHepanisauii
CTYNOK i KinbLs knanaxa. JemorpadivyHo-3yMOBIieHe 3pOCTaHHA KinbKOCTI MioAen CTapLumx BiKOBKX rpyn Npu3BoauTb A0
30inblUEHHS AereHepaTnBHO-MeTabomMivHMX 3aXBOPIOBaHb CepLEBUX aopTanbHux knanaHis (AK), ocobnmeo cnpuinHeHe ate-
POCKNEePOTUYHUMU NpoLiecamu.

MeTta po6oTu — iMyHOriCTOXiMiYHE [OCHIMKEHHSI MiHepasni3oBaHWX TKaHUH aopTanbHUX CEPLEBMX KManaHiB, WO YpaKeHi
aTepoKarnbLyYHO30M.

Martepianu Ta metoau. Ycsoro gocnigunm 30 3paskiB MiHepaniaoBaHux aopTanbHux knanaHis (I rpyna) Ta 10 3paskiB aopTanbHux
knanaHis 6e3 o3Hak 6iomiHepanisadii (I rpyna), ki BUCTynanu sk koHTponb. Y TkaHunHi AK 060X rpyn 3giicHunmy iMmyHoricToxiMiyHe
pocnimkerHs ekcnpecii konareny | (Collagen 1), CD68, mienonepokcuaasn (MPO), kanbrpanyniHy A (S100A8), kanbrpaHyniHy
B (S100A9), kacnaau 3 (Casp 3) Ta octeonoHTHy (OPN). OLiHIOBaHHS CTaTUCTUYHOI BipOTiAHOCTI Pi3HUL pe3ynbTaTiB Mix
rpynamu 3paskis MpOBOAWIM 3a [OMOMOTO0 HenapameTpuyHoro kputepito MaHHa—YiTHi. Pesynbrat BBaanu cTaTucTu4HO
BipOriZAHYMK NpK CTynNeHi BiporiaHocTi noHag 95 % (p<0,05).

Pe3yniratu. Y TkaHuHi CAV BUSBNEHO PO3POCTaHHS (hibpUASPHOro KOMNOHEHTa (konareH |), ane KinbKicHWi Ta SKiCHWIA cknag,
CD68+ uypkynio4mnx 3ananbHUX KIiTUH ICTOTHO He Biapi3HAeTbCA Big KOHTponbHOI rpynu AK. KanbumdikosaHi AK MicTaTb
6inbwe MPO+ knitnH (p<0.001) nopisHsiHo 3 rpynoto AK 6e3 GiomiHepanisalyi.

Hawi naHi nokasytotb 3HavyLue nigeuLleHHs ekcnpecii ST00A9 i OMH y TkaHuHi miHepanisoBaHux AK (p<0,01). Takox y CAV
BUSIBNEHWI BULLMIA piBeHb ekcnpecii Casp3 (p<0,05). MopisHtotoum | Ta Il rpynn AK, He BUSIBNIEHO 3B'A3KY Mix eKCrpecieto
S100A8.

BucHoBku. Bucoka ekcnpecis Casp3 nigTeepaxye niaBULLEHWIA piBeHb enimiHaLii KniTuH y TkaHuHi CAV, wo, o4eBnaHo, NoB's-
3aHo i3 BNNMBOM BUCOKOI MicLeBOi koHUeHTpauii S100A9. Lii dhakti MoxyTb CpusiTM po3BUTKY NaTonorivyHoi GiomiHepanisavii
AK. Ockinbkn 0CTEONOHTUH iHribye YTBOPEHHS rigpokcanaTuTy, 38’93yH04MCh 3 NOBEPXHEID KpUCTaniB, TO 1oro rinepnpoayKLis
y TkaHnHax AK € dhaktopom npotuaii GiomiHepanisauyi.
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Yyactue npoBocnanutenbHbix 6enkoB S100A9/A8 B aTepoKaAbLMHO3€
aopTaAbHbIX KAGNAHOB

P. A. MockaneHko, A. H. PomaHtok, W. A. AwmwuH, U.-M. C. 3akopko, A. M. Mupay6HbIN,
E. A. YepHos, A. A. Mopo3oBa-Powle

CornacHo pesynsratam EBponeiickoro nccnenoBanus cepaeyHbix nopokos (Euro-Heart Survey on Vascular Heart Disease),
Cpeam NopaxxeHnii cepaeyYHbIX KnanaHoB Hanbornee pacrnpocTpaHEHHO NaTosorveit SBNSeTcs HepeBMaTUYECKWIA aopTarbHbIA
CTeHO03. 370 3aboneBaHue Takke HasbIBaOT KanbLMMULMPOBaHHLIM aopTanbHbiM CTeHo30oM (KAC), Tak kak B ero natoreHese
rnaBHas ponb NPUHALANEXUT npoLeccy BromMrHepanuaaumm CTBOPOK 1 Kofblia KnanaHa. [lemorpadmyecku-o6yCroBneHHbIN
POCT YKCna NioAen CTapLumx BO3pacTHbIX rpynn MPUBOAMT K YBENUYEHWIO AereHepaTMBHO-MeTabonmyeckux 3abonesaHui
cepaeyHblx aopTasbHbIX knanaHos (AK), 0cobeHHO BbI3BaHHbIX aTepOCKIepoTMHECKMMM NpoLieccamm.

Lenb pa60'rb| = UMMYHOTMCTOXMMUYECKOE 1ccneaoBaHne MuHepanmM3oBaHHbIX TKaHewn aopTalbHbIX cepaeyHbIX KrnanaHoB,
I'IOpa)KéHHbIX arepokarbUMHO30M.

Marepuansi u metogbl. Beero 6bin0 nccnegosaqo 30 06pasLioB MUHepan3oBaHHbIX aopTarnbHbIx knanaxos (I rpynna) u 10
06pa3LoB aopTanbHbIX knanaHoB 6e3 npusHakos GromuHepanuaaumm (Il rpynna), KoTopble BbICTyNanu B Ka4eCTBE KOHTPONS.
B TkaHu AK obevx rpynn 6blno npoBeAEeHO MMMYHOTUCTOXMMUYECKOE McCresoBaHue akcnpeccum konnareHa | (Collagen 1),
CD68, mvenonepokcugassl (MPO), kanbrpaHynuHa A (S100A8), kanbrpaHynuHa B (S100A9), kacnasel 3 (Casp 3) n ocTeo-
noHTuHa (OPN). OueHKy CTaTUCTUYECKOW AOCTOBEPHOCTM Pa3HULbI pe3ynbTaToB Mexay rpynnamy obpasLoB NpoBOAWIM C
MOMOLLbIO HENapameTpuyeckoro kputepust MaHHa-YuTHW. PesynstaTthbl cunTany CTaTucTUHeCck JOCTOBEPHBLIMY MW CTEMEHM
poctoBepHocTu 6onee 95 % (p<0,05).

Pesynbrathbl. B TkaHu kanbumduLmpoBaHHbix AK 06HapyeHo paspacTaHune hubpunisipHoro KOMMoHeHTa (konnareH 1), Ho
KONMYECTBEHHbIN 1 Ka4eCTBEHHbIN cocTaB CDB8+ LIMpKYNMpYIOLLIMX BOCTIANUTENbHBIX KNETOK CYLLECTBEHHO He OTMINYaeTCs OT
koHTponbHow rpynnbl AK. KanbunduumposarHble AK conepxar bonbluie MPO+ kneTok (p<0.001) no cpaBHeHUIo ¢ rpynmnon
AK 6e3 BromrHepanusaumn. Halwm faHHble nokasslatoT 3HauMMoe nosbiwerne akcnpecc ST00A9 n OPN B TkaHW MUHe-
panu3oBaHHbIX AK (p<0,01). Takke B CAV BbisiBneH Bonee Bbicokuii ypoBeHb akcnpeccun Casp3 (p<0,05). CpasHueas | u |l
rpynnbl AK, He oBHapysxunu cesisu mexay akcnpeccuein S100A8.

BbiBoabl. Boicokas akcnpeccus Casp3 noaTBepxaaeT NoBbILIEHHBIN YPOBEHb ANMMUHALIMW KIIETOK B TKaHW KarnbLnduumpo-
BaHHbIX AK, 4TO, 04EBMAHO, CBSA3AHO C BIISHUEM BbICOKON MECTHOMN KOHUeHTpauun S100A9. 3T hakTel MoryT cnocobcTBOBaTH
pasBuTUO natomnornyeckoit GuommHepanmsaumm AK. Mockonbky OCTEOMOHTUH UHIMOUPYeT obpasoBaHue ryapokcuanaTuTa,
CBA3bIBASICb C MOBEPXHOCTLIO KPUCTAMNNOB, TO €ro runepnpoaykums B TkaHsx AK siBnsetcs aktopoM NpoTUBOAENCTBUS

6VIOMVIHepaJ'IVI3aLl,I/IM.

During recent years in Europe and in Ukraine an increase
of the prevalence of non-rheumatic valve affection can
be observed, this relates to the growing of population in
the elder age groups. This has led to the increase of the
number of patients with non-rheumatic valve affection:
they get older, have signs of coronary heart disease and
engorgement heart failure more often, they had surgery
on myocardial revascularization, diabetes type Il and
chronic renal failure [1,2]. According to the results of the
Euro-Heart Survey on Vascular Heart Disease dege-
nerative etiology dominated on aortic stenosis (81.9 %),
for mitral (61.3 %) and aortic (50.3 %) failure. Only in the
case of mitral stenosis rheumatological reasons play the
main role (85.4 %) [1,3]. The most common pathology is
a non-rheumatic aortic stenosis, also called calcific aortic
valve stenosis (CAVS), since biomineralization process
of cusps and valve rings plays the main role in its patho-
genesis [4]. In addition, the average age of patients with
CAVS is higher than in cases of other valve diseases.
Thus demographically-caused increase of degenerative
and metabolic diseases leads to growing part of valve
calcification.

The stage of mineralization of the aortic valve is
assessed by echocardiography: | stage of calcification
corresponds to the focal deposits of calcium compounds in
the cusps and commissures; Il stage — rough calcification
of the AV cusps and commissures, which does not spread
to the areas of cusps bonding; Ill stage — massive deposits
of calcifications with the spread to the fibrous valve ring,
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aorta and the output of the left ventricle, the anterior cusp
of the mitral valve [5].

Recent studies show the important role of the innate
immunity receptors Toll-like receptors 2 (TLR2) and TLR4
in the CAVS development. Thus, expression of TLR2 and
TLR4 causes the osteogenic phenotypic changes in inter-
stitial cells of AV [6]. Involvement of (TLR2) and TLR4 in
the processes of biomineralization draws attention to the
agonist of these receptors — calprotectin complex [S100A8/
S100A9], which consists of calgranulin A (S100A8) and
calgranulin B (S100A9) [7].

In recent works an important role of osteopontin was
described. Osteopontin is a pro-inflammatory multifunctio-
nal cytokine and it is a perspective marker of the presence
and the stage of AV mineralization [8].

The aim of the work is the immunohistochemical
study of aortic heart valve tissue in the case of athero-
calcinosis.

This article focuses on the elevated expression of
S100A9 (calgranuline B) as a major inductive factor of vas-
cular calcification and osteopontin as an inducible inhibitor
of vascular calcification, and on our current understanding
of their effects.

Materials and methods

Ethics committee protocol. Study conducting was approved
by the ethics committee of the Medical Institute of Sumy
State University (Proceedings Ne 3/6, 07/06/16).
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Sample collection. Sectional study was conducted
on the materials, which were obtained during autopsy at
Sumy Regional Pathological Office. Heart valves with
the signs of atherosclerotic affection and biomineraliza-
tion were selected for the study. Totally 30 calcific aortic
valves (CAV) and 10 AV with the signs of atherosclerotic
changes, but without evident pathologic biomineralization
(control group) were studied. AVs from the patients with
endocarditis, rheumatic heart disease or bicuspid valves
were excluded.

Immunohistochemistry. The aortic valve tissue sam-
ples were dewaxed in xylene and they were dehydrated
during ethanol series. After deparaffinization sections were
liable to the demasking of antigens during the thermal
method by sections heating in the citrate buffer (pH 6.0) at
the temperature of 95-98 °C. Diaminobenzidine (DAB) and
amino-ethylcarbazol (AEC) were used as chromogen. The
4 pm-thick paraffin sections were sequentially incubated
in 3% H,0, to remove endogenous peroxidase (10 min),
washed in Tris-buffered saline Tween and incubated with
5 % normal horse serum to block non-specific background
staining (30 min). Tissue sections were incubated during
1 hour at room temperature with primary antibodies
(anti-S100A8, -S100A9, -myeloperoxidase (MPO), -Col-
lagen1, -CD68) (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA), diluted 1:100-1:200, rinsed with TBS-T
followed by incubation with secondary antibodies (different
origin —depend on primary Abs) IgG peroxidase conjugate
(Santa Cruz Biotechnology, Inc.), diluted 1:200 during
30 min at RT. Each incubation step was followed by 5 min
rinses in TBS. To visualize the primary antibody binding
sites, sections were incubated for 30 min in a solution of
0.05% AEC and 0.015 % hydrogen peroxide, dissolved in
PBS. As a negative control for the immunohistochemical
reaction, sections were processed as described above
except that the primary antibody was omitted. They were
counterstained with Mayer’s hematoxylin.

Immunofluorescent staining of AVs. Antibodies
to S100A8 (1:50 dilution, sc-48352, Santa Cruz, CA),
S100A9 (1:200 dilution, sc-20173, Santa Cruz, CA) were
used. VICs grown in complete medium on glass coverslips
were fixed in 10 % neutral buffered formalin and perme-
abilized with Tween 20. Following fixation, the cells were
blocked with 3% bovine serum albumin (BSA) in PBS
for 20 minutes at 37 °C, and then incubated overnight at
4 °C with primary antibody diluted in 3% BSA. The next
day, cells were washed twice with PBS and blocked with
10 % goat serum (for S100A9) or 10 % rabbit serum (for
S100A8) for 30 minutes at room temperature. AlexaFluor
568 secondary antibodies (10 pg/mL,A11011,A11004, and
A11079, Invitrogen, Burlington, ON) diluted in 10 % goat
or rabbit serum e then they were applied for 30 minutes
at room temperature. The cell nuclei were counterstained
with DAPI. Fluorescent images were acquired on a Carl
Zeiss microscope (Axio Imager A1).

Morphometric study. Evaluation of histochemical
staining were carried out by counting the stained cells in
the visual field with diameter of 1000 mm in morphometric
program Pannoramic Viewer 1.15.4 (3DHistech).

Dot-Blot Analysis. The contents of S100A9 were
evaluated by dot-blot assay involving primary antibodies
to human S100A9 (rabbit polyclonal, sc-20173, 1 in 2000,

Maronoris. —2017. — T. 14, Ne 1(39)

Original research

Santa Cruz, CA). Tissues were deparaffinized and rehy-
drated according to the protocol. Tissues were frozen, at
-80 °C, and thawed, and sonicated afterwards. Whole cell
extract was mixed then with 2xLaemmli containing 3-mer-
captoethanol buffer and boiled at 100 °C for 10 minutes and
cooled down afterwards. Samples were then centrifuged to
spin down crude cell debris. 50 pl drop from each sample
was applied to the membrane then drops were let to dry
and membrane was blocked in 5% skimmed milk solved
in washing, PBS-T buffer, overnight at 4 °C.

S100A9 was detected by the primary rabbit antibodies,
dilution 1:2000 in 1% skimmed milk solved in washing
buffer. Immunodot was detected protein was the visualized
by secondary goat anti-rabbit antibodies in the dilution
1:10000 in 1% solved in washing, PBS-T buffer. Then
membrane was dried and scanned at for luminescence
excited at A=800 pm.

Statistical analysis. Data was checked for normality
(ND) by Shapiro-Wilk test. Most datasets showed non-nor-
mal distribution thus, non-parametric Mann-Whitney U-test
was used to evaluate statistical significance. The correla-
tion was assessed by Spearman Rank test.

Research results

Macroscopic and histological features of mineralized heart
valves were described by us previously [9]. It should be
noted that all CAVs had the signs of atherosclerotic pro-
cess, emphasizing the obvious connection between CAV
with atherocalcinosis.

The deposition of calcium compounds in CAV was in
the form of gross deposits, and in the form of small grains,
crumbs, which encrusted connective tissue fibers. Affected
valves were characterized by the presence of sclerosis and
hyalinosis of tissue, focal lipid deposition, edema, myxoma-
tous changes, thickening of elastic and collagen fibers. This
was especially typical for collagen type |, which manifests
the highest tendency to calcification (Fig. 1A) [10]. Impor-
tant histopathological change in CAV was the mixed cell
inflammatory infiltration by the cells of macrophage series
(histiocytes, macrophages — CD68-positive cells, Fig. 1B)
and neutrophils (MPO-positive cells, Fig. 1C).

Immunohistochemical study of calgranulin A (S100A8)
expression in CAV tissue shows the focal expression in the
cells of the inflammatory infiltrate, substantial extracellular
expression was not found (Fig. 1E). Studying of the cal-
granulin B (S100A9) distribution shows its great expression
in the calcific aortic valves tissue extracellularly and intra-
cellularly in the most resident valve cells and in circulating
inflammatory cells (Fig. 1F). During IHC study of CAV
tissue with fluorescent antibodies to S100A8 (Alexa 488,
cyan-green color) and S100A9 (Alexa 555, yellow-green)
co-localization of these molecules in calprotectin complex
stained cytoplasm of S100A8 / S100A9 cells in orange
color (Fig. 1D).

Research of apoptotic activity in CAV tissues, which
was conducted by the expression level studying of apop-
tosis marker Caspase 3, showed its moderate expression
in cells of AV tissues (Fig. 1G). OPN expression is evident
in most CAV cells and extracellularly. Also intense depo-
sition of this protein is observed in biomineralization parts
(Fig. 1H).
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Aortic valves of control group had the signs of early
(uncomplicated) stages of the atherosclerotic process,
but without the process of biomineralization. AV tissue
contained a significant number of interstitial cells (fibro-
blasts, smooth muscle cells (SMC), myofibroblasts and
endothelial cells), among which small accumulation of
circulating inflammatory cells (macrophages, lympho-
cytes, mast cells) is detected (Fig. 2A). Restructuring of
the connective tissue was observed in the form of multiple
sclerosis in the extracellular matrix of some AV samples

Fig. 1. Immunohistochemical analysis of the leaflet tissues of calcific aortic valves.
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of the control group. Also among the cellular elements
of valves a small number of cardiomyocytes is revealed,
they tend to the nonspecific staining by chromogen (main-
ly diaminobenzidine, for AEC it is not typical) during the
immunohistochemical studies.

Medium correlation is found between age of the
patients and calcification of the valves, ¢=0.36, p=0.02.
No correlation between the calcification of the valves and
sex is found.

During the immunohistochemical identification of

F d;);r*. ST ﬁ1 (A): Immunoreactivity of CAV tissue
) ,,CD 68; ~ with antibodies to collagen type |,

*¥‘¥  DAB chromogen, additional staining

W ! of nucleus by Mayer’s hematoxylin.

(B): Immunohistochemical
determination of CD68+ cells, AEC
chromogen.

(C): Immunoreactivity of CAV
tissue with antibodies to MPO, AEC
chromogen.

(D): Immunoreactivity of CAV tissue
with antibodies to S100A8 and
S100A9 co-localized as calprotectin.
Blue - dapi, cyan-green color — Alexa
488 (S100A8), yellow-green — Alexa
555 (S100A9), orange - calprotectin
S100A8/A9. Magnification x200.

(E): Immunohistochemical expression
of S100A8, AEC chromogen.

(F): Immunohistochemical expression
of S100A9, AEC chromogen,
additional staining of nucleus

by Mayer’s hematoxylin.

(G): IHC expression of Caspase-3,
AEC chromogen.

(H): Immunohistochemical analysis
of CAV tissue with OPN antibodies

and Mayer’s hematoxylin.

Scale bar corresponds to 200 mem,
scale bar in insets 50 mem.
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CD68+ cells in the tissue of control AVs it was found,
that their number was not significantly different from the
indices of the CAV group (p>0.05) (Fig. 2B). On the other
hand, CAVs contain much more MPO+-cells (p<0.001)
(Fig. 2C). During the study of the expression of heterodimer
S100A8/S100A9 using fluorescent antibody it was noticed,
that incidences of co-localization of these proteins in the
form of a single complex was significantly lower in the
control group than in the CAV group (Fig. 2D). However,
the expression level of S100A8 is expressed moderately

Original research

in the tissue of control AVs, mainly in the interstitial cells,
it is not significantly different from the valve samples with
biomineralization (p>0.05) (Fig. 2E). AV of the control
group demonstrate significantly lower expression level
of S100A9 in the cell component of the tissue and also
extracellularly (p<0.01) (Fig. 2F).

This also concerns to the expression of the apoptosis
marker Casp3 (p<0.05) and mineralization marker OPN
(p<0.001), their levels are significantly lower in the control

group (Fig. 2G, H).

Fig. 2. Immunohistochemical analysis of leaflet tissues of aortic valves without biomineralization.
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(A): Aortic valve with signs
of atherosclerosis,
hematoxylin-eosin staining.

(B): Immunohistochemical
determination of CD68+ cells,
AEC chromogen.

(C): Immunoreactivity of AV
tissue with antibodies to MPO,
AEC chromogen.

(D): Immunoreactivity of AV tissue
with antibodies to S100A8 and
S100A9 co-localized as calprotectin.
Blue - dapi, cyan-green color — Alexa
488 (S100A8), yellow-green — Alexa
555 (S100A9), orange - calprotectin
S100A8/A9. Magnification x100.

(E): Immunohistochemical expression
of S100A8, AEC chromogen.

(F): Immunohistochemical expression
of S100A9, AEC chromogen,
additional staining of nucleus

by Mayer’s hematoxylin.

(G): IHC expression of Caspase-3,
AEC chromogen, additional staining
of nucleus by Mayer’s hematoxylin.

(H): Immunohistochemical analysis
of AV tissue with OPN antibodies
and Mayer’s hematoxylin.

Scale bar 200 mcm, scale bar

in insets 50 mem.
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Fig 3. Median numbers of immuno-positive cells for AV and CAV groups.
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Fig. 4. Dot-blot analysis of S100A9 in aortic valve tissues; (a): calibration fluorescence dots;

(b): AV group fluorescence dots; (c): CAV group fluorescence dots; (d): calibration curve;

(e): comparison between concentration of S100A9 in AV and CAV groups (p=0.01).

Red circles in dot fluorescence images represent effective circles derived from the fluorescence
of dots, shown for illustration purposes only.

Discussion

Pathological biomineralization of heart valves causes
the deep morphological and functional restructuring of
all tissue components. The quantitative and qualitative
composition of valve interstitial cells (VICs), fibrillar com-
ponent (collagen and elastin) changes, valve endothelial
cells (VECs) are affected adversely. Endothelial cells,
that cover the surface and cooperate closely with valve
interstitial cells, guarantee the integrity of the valve tissue
[11]. Their damage is a critical event in the aortic valves
pathology [12]. Necessary conditions for VECs affecting
are created in the case of atherosclerosis: lipid infiltration,
plaque and detritus formation, infiltration by circulating
inflammatory cells (CICs) [12]. It is known, that circu-
lating inflammatory cells (macrophages, lymphocytes,
neutrophils, plasma cells) secret calgranulin A and B,
which in turn can form calprotectin complex (heterodimer)
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S100A8/S100A9. This complex possesses a cytotoxic
activity if expressed in high amounts [13]. Cytotoxicity
mechanism of calprotectin is the sequestration of divalent
cations, particularly zinc and manganese, consequently
leading to decrease in the efficiency of antioxidant system
and further induction of apoptosis.

Majority of the tissues from the CAV group contained
both S100A8 and S100A9 as shown by fluorescence im-
munohistochemistry in (Fig. 3). The colocalization of these
two staining patterns points on the presence of calprotectin
complex in the tissues of CAV group. The staining pattern
of S100A8/A9 in the tissues of AV group was comparable
with the background staining (not shown) demonstrating
that the expression of these proteins is much higher in
the tissues of CAV group. Total concentration of S100A9
protein, which has much higher cytotoxic activity, in the
tissues of 4 patients from CAV group was significantly
higher (p=0.01) than in the tissues of 4 patients from AV
group (Fig. 4).

Apart from its cytotoxic activity S100A9 is also a
proinflammatory cytokine, therefore under prolonged
inflammatory conditions it can serve as a positive feed-
back in induced apoptosis of VECs and VICs (involving
the mitochondrial way, caspase-3 and caspase-9) and to
the less extent of necrosis [13]. Indeed, in our study the
expression score for apoptotic caspase-3 marker for the
patients of CAV group is significantly higher (p<0.01) than
in AV group. Morphologically, this process is manifested
by the detachment and desquamation of the endothelium
and deep damage of the valve leaflets.

It is believed that proinflamatory cytokine role of
S100A8/A9 proteins is connected with the activation of
toll-like receptors, shown to exist in the membranes of
VECs, fibroblasts and inflammatory cells [6,7]. Activation
of these receptors (RAGE, TLR-4) accelerates vascular
biomineralization both in vitro, and in vivo [14]. Thus, based
on our results we can speculate that calprotectin-induced
apoptosis, sustained under chronic inflammation can be
a critical element in the progression of vascular biomine-
ralization and atherosclerosis.

OPN expression in aortic valves has been explored in
several recent studies [15,16] demonstrating that expres-
sion of OPN is related to biomineralization. In line with
these studies, our research demonstrates an increased
expression of OPN in the tissues of CAV group — both
extracellularly and in valve cells (interstitial and circulat-
ing). Apart from intra/extra cellular localizations significant
amounts of OPN were found in biomineral deposits, demon-
strating that one of the major roles of OPN is the blocking of
hydroxyapatite crystals growth by binding to crystal surfaces
preventing the spread of biomineralization [17].

Osteopontin and calgranulin B are synthesized and
secreted by the same cells, neutrophils and macrophages
play the main role among them. In the case of IHD stud-
ied CD68* cells were detected with approximately equal
frequency in both groups (p>0.05), but the number of
neutrophils in CAV was significantly higher than its number
in the control group. In fact, this means that calgranulin
has cytotoxicity and damage of AV tissues is realized by
neutrophils. As calgranulin A and B form about 45 % of
cytoplasmic proteins of neutrophils, this is easily combined
with a high concentration of calgranulin B in CAV [18].
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The inflammatory process in the AVs leads to the
changes in the extracellular matrix of their tissues, to the
imbalance between local pro- and anti-calcium mecha-
nisms, which create favorable conditions for the mineral
deposition. For example, in CAV tissue collagen type | sup-
ports the osteogenic differentiation of SMC, those number
increases in the valves from 5 to 30 % under pathological
conditions. Valve interstitial cells, which cooperate with
collagen type I, remain to be in a “quiet” state for a long
time, but they show myofibroblastic phenotype and form
quickly a calcium units during the appearance of fibrin
(which obligatory arises in the case of atherosclerotic
plaque development) [19].

Under the influence of damaging factors its desqua-
mation and exposure of connective tissue matrix arise
(Fig. 1A). Cell death promotes the release of a great
amount of inorganic phosphate and calcium. Thus, a sig-
nificant amount of building material and the presence of
connective tissue matrix (collagen type |) create the condi-
tions for the development of pathological biomineralization.

Conclusions

Our data shows a significant increase of calgranulin
and OPN expression in mineralized tissue of AV (p<0.01).
The higher expression level of Casp3 was also found in
CAV (p<0.05).

Comparing the first and second series of samples, con-
nection between the expression of calgranulin A, saturation
of tissues with CD68+ cells (macrophages) were not found.
However, the number of neutrophils in CAVs was higher than
in the control group, indicating the leading role of neutrophil
inflammatory infiltration in tissue damage of AVs (Fig. 5).

The results show the regulatory role of calgranulin B
and OPN in the development of PBM.
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