Accepted Manuscript

sclerosis

Cellular subtype expression and activation of CaMKII regulate the fate of
atherosclerotic plaque

Angela Serena Maione, Ersilia Cipolletta, Daniela Sorriento, Francesco Borriello,
Maria Soprano, Maria Rosaria Rusciano, Vittoria D'Esposito, Abdul Karim
Markabaoui, Giovanni Domenico De Palma, Giovanni Martino, Lucio Maresca,
Giuseppe Nobile, Pietro Campiglia, Pietro Formisano, Michele Ciccarelli, Gianni
Marone, Bruno Trimarco, Guido laccarino, Maddalena lllario

PII: S0021-9150(16)31474-5
DOI: 10.1016/j.atherosclerosis.2016.11.006
Reference: ATH 14864

To appearin:  Atherosclerosis

Received Date: 16 August 2016
Revised Date: 2 November 2016
Accepted Date: 3 November 2016

Please cite this article as: Maione AS, Cipolletta E, Sorriento D, Borriello F, Soprano M, Rusciano
MR, D'Esposito V, Markabaoui AK, De Palma GD, Martino G, Maresca L, Nobile G, Campiglia P,
Formisano P, Ciccarelli M, Marone G, Trimarco B, laccarino G, lllario M, Cellular subtype expression
and activation of CaMKII regulate the fate of atherosclerotic plaque, Atherosclerosis (2016), doi:
10.1016/j.atherosclerosis.2016.11.006.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.atherosclerosis.2016.11.006

CELLULAR SUBTYPE EXPRESSION AND ACTIVATION
OF CAMKII REGULATE THE FATE OF
ATHEROSCLEROTIC PLAQUE

Unstable plaque Stable plaque

O Endothelial cell = vysMcC

. Macrophage <=l Death VSMC
——— Intemal elastic lamina o] Proinflammatory cytokines
CaMKIl

o Lipid



Céllular subtype expression and activation of CaMKI | regulate the fate of atherosclerotic

plaque

Angela Serena Maiofie Ersilia Cipollett® Daniela Sorrienty Francesco Borriell, Maria
Soprand, Maria Rosaria Rusciah¥ittoria D’Espositd,Abdul Karim Markabaodi Giovanni
Domenico De Palnfa Giovanni Marting, Lucio Maresc3 Giuseppe Nobife Pietro Campigli
Pietro Formisant Michele Ciccarelfi, Gianni Maron&®’Bruno Trimarc8, Guido laccaring

Maddalena lllarié®”

!Department of Translational Medical Science, Feaetii University, Naples, Italy;

’Department of Medicine, Surgery Odontoiatrics-Saudedica Salernitana, University of Salerno,

Salerno, ltaly;

3Center for Basic and Clinical Immunology Reseaf@!s();

“*Department of Gastroenterology, Endocrinology andy&ry, Federico Il University, Naples, Italy;
®AziendadeiColli Hospital, Department of Vasculargary, Naples, Italy;

®Department of Pharmacy, University of Salerno, Saleltaly;

'CNR Institute of Experimental Endocrinology and Glogy “G. Salvatore”, Naples, Italy;
®Department of Advanced Biomedical Science, Feddtitmiversity, Naples, Italy;

%Federico Il University and Hospital, Naples, Italy.

Mhese authors contributed equally to this work.



*Corresponding authorVia Pansini 5, 80131, Naples, Italy. Tel.: +39-08164211/+39-081-

7463110. E-mail address: illario@unina.it(M. lli@yi

Key Words: Atherosclerosis, CaMKIl, VSMCs, Macropgbka, Stable plaques, Unstable plaques.



Abstract

Background and aims. Atherosclerosis is a degenerative process of ttexiar wall implicating
activation of macrophages and proliferation of wecsmooth muscle cells. Calcium-calmodulin
dependent kinase type II (CaMKIl) in vascular snmoahuscle cells (VSMCs) regulates
proliferation, while in macrophages, this kinasevegos diapedesis, infiltration and release of
extracellular matrix enzymes. We aimed at undedsten the possible role of CaMKIl in

atherosclerosis plaques to regulate plaque evoltieards stability or instability.

Methods: Clinically defined stable and unstable plaquesiabthfrom patients undergoing carotid
end arteriectomy were processed for evaluation aMKs protein expression, activity and
localization.

Results: The larger content of CaMKII was found in CDidyeloid cells that were more abundant
in unstable rather than stable plaques. To tesbitilegical effect of activated CD1dhyeloid cells,
VSMCs were exposed to the conditioned medium (CMimacrophages extracted from carotid
plaques. CM induced attenuation of CaMKs expressind activity in VSMCs, leading to the
reduction of VSMCs proliferation. This appears ® due to the CaMKIl dependent release of
cytokines

Conclusions. These results indicate a pivotal role of CaMKsaierosclerosis by regulating
activated myeloid cells on VSMCs activity. CaMKllowd represent a possible target for
therapeutic strategies based on macrophages spedifiibition for the stabilization of

arteriosclerotic lesions.



Introduction

Atherosclerosis is a degenerative process of teewar wall leading to clinical manifestations such
as stroke and myocardial infarcttonThe underlying mechanism results from the altered
equilibrium in the cellular content of the vasculaall. Indeed, vessel walls harbour vascular
smooth muscle cells (VSMCs), fibroblasts, endottietiells (ECs), whereas in atherosclerotic
vessels, inflammatory cells such as activated npd@ages of different subtypes, neutrophils and

lymphocytes, are also present

Plaque stability is a concept deriving from theniclal evidence that some atherosclerotic plaques
are more often associated with cardiovascular svéfistology differences between stable (SP) and
unstable (UnSP) plaques show different cellulart@ainwith a more relevant inflammatory cell

component in UnSPs.

Cd”* is involved in atherosclerosis at different exteitis well recognized that inflammatory
macrophages co-localize with £ghosphate deposits in developing atherosclerdions and can
promote calcification. Pathological calcificatios mot merely a passive consequence of chronic
inflammatory disease, but it may lead to a posifiwedback of calcification and inflammation

driving disease progression.

The equilibrium of all cellular populations presémthe vascular wall is tuned by calcium {Qa
which regulates both acute and adaptive respondsreover, basic Ga phosphate deposition
underlies the development of arterial calcificatiarfrequent component of atherosclerosis, which
predicts coronary artery disease eveén@£" signalling surges and promotes the generation of
reactive oxygen species (ROS) in VSMCs and ‘E@sis maintaining chronic inflammation and

release of pro-inflammatory cytokirfes

C&” signalling plays an important role in the reguatbf cell proliferation through the crosstalk of

multifunctional calcium-calmodulin dependent kirmg€aMKs) and a number of other signalling
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pathways, such as extracellular regulated kinageKJE CaMKs have never been taken into
account while looking at mechanisms of atherosslserdout our recent studies demonstrate that a
murine model lacking calcium-calmodulin dependemiake IV (CaMKIV) presents early onset
arteriosclerosfs as well as increased calcium-calmodulin depenkieasse I (CaMKII) activity in

selected cell types, thus suggesting a role f§f-CaMKII signalling in this proceés

CaMKs regulate biological processes that are raletaatherosclerosis, by affecting the biology of
vascular wall cells and infiltrating macrophagesparticular, CaMKII plays a critical role in blood
pressure regulation through the control of end@h&inctior? such as proliferation of VSMCs and
ECS™®. CaMKs actively regulate chemiotaxis, diapedesti®mokine production in macrophatfes
Indeed, CaMKIl has an important role in the modalatof immune responses, such as T-cell
activatiort!,survival®, maturation and antigen presentation of dendaélis™. Several lines of
evidence link CaMKII activation with mechanisms tttsustain plaque formation. In particular,
oxidized CaMKIl may be responsible for the increhssk of death among patients with diabetes,
following a heart attack. Furthermore, CaMKII activity results in the suession of angiotensin-
converting enzyme shedding in endothelial cellggesting its possible correlation with blood
pressure contrdl. Therefore, CaMKs are potentially involved, atesaV levels, in the mechanisms
of the atherosclerotic lesibh Considering the complex nature of atherosclerasir hypothesis is
that CaMKII participates in the development of thisease at different levels, and we found its

involvement in macrophages and VSMCs activity, tigfowhich it regulates plaque instability.



Materials and methods
Patient classification

This study included a total of 54 consecutive pasg28M/26F, 6219 years) undergoing carotid
endarterectomy for occlusive artery disease inShigery Unit of the “Federico II” University of
Naples. Carotid atherosclerosis was assessed btidcattrasonography. The patients selected for
surgery had either a high-grade stenosis (>70%arlcerated lesion of a medium grade based on
echo-Doppler analysis The carotid atherosclerotic plaques were classifis complex lesion or
“unstable” (UnSP) and noncomplex or “stable” (SBASP showed one or more of the following
features: ulceration, irregular surface, presentamobile thrombi on the plaque surface or
intraluminal thrombus, predominant echolucency @®ghoic plagues), and heterogeneity with
substantial intraplaque-echolucent areas. SP weseired to have all of the following features:
smooth and regular surface and homogeneity ansdmmiechogeneity or dominant echogeneity
with small areas of echolucency. All ultrasonogiamxaminations were performed by experienced
ultrasonographers blinded to clinical and angiogi@afindings.

The investigations were approved by the Ethical @ittee of “Federico I1I” University of Naples
Written informed consent was obtained from all jogyants according to the declaration of

Helsinki.

Céll culture, conditioned media and reagents

CD14 myeloid cells (i.e. monocytes and macrophagespsalated from human atherosclerotic
plaques using magnetic beads bound to anti-CDlaatyt (Invitrogen, Carlsbad, CA, USA), as
previously describéd Alternatively, monocytes were purified from buffpats of healthy donors

obtained from the Leukapheresis Unit of “Federi¢dJhiversity of Naples, as explained abd%e



Conditioned media was collected from cultured motes, stimulated with 10 ng/mL of
lipopolysaccharide (LPS) for 24 holitsThe CAMKII selective peptide inhibitor tat-CNg% (5
HMoL/L for 30 min) was used to block CaMKII actiyjtas previously describ&

Human VSMCs were purchased from ATCC-Tech LGC SteshtUK.

Western blot analysis

Human atherosclerotic plagues and VSMCs were lyiseite-cold RIPA-SDS buffer. Equal
amounts of total cellular extracts were subjectedMestern blot (WB) analysis, as previously

described and validaté&d

CaMKII activity assay

Total extract from atherosclerotic plaques or VSM@as immunoprecipitated for CaMKii
Purified CaMKIl was then subjected to reaction wille CaMKII substrate autocamtide in the

presence of fP]-yATP (GE-Amersham, Piscataway, K%

Cell proliferation and [*H]-thymidine incorporation

Serum starved VSMCs (50,000 cells/well) were trbatgth cell-free supernatants of cultured
CD14 myeloid cells. After 24 and 48 h, cells were db&at from the plates, and counted on
haemocytometé&r To determine DNA synthesis, cells were treatexd described previously, in

presence of 0.5uCTHi]-thymidine (Amersham, Buckinghamshit&)



Quantitativereverse transcription polymerase chain reaction (QRT-PCR)

After reverse transcription reaction from SP andSBnreal time quantitative polymerase chain
reaction (RT-PCR) was performed wiB8¥BR Green Real Time PCR master mix kit (Applied

Biosystems, Foster City, CA,USA), as previouslyaieed.

I mmunofluor escence and histology

Plaques obtained from human carotid endarteriectoerg fixed in formalin, embedded in paraffin
and sectioned at 5 um with a rotary microtome.ti&es were incubated with anti-CD68, CaMKII,
phospho-CaMKIl, a-actin (Santa Cruz, Dallas, Texas, USA) primaryitaies at room
temperature and subsequently exposed to speaificecent labeled secondary antibodies (Alexa
Fluor, Invitrogen, Carlsbad, CA, USA). Images wéaken with an Eclipse E1000 Fluorescence
Microscope (Nikon, Chiyoda, Tokyo, Japan) and a@glivith Sigma Scan Pro software (Jandel).
Images were digitalized and the relative stainingas were quantified by NIH Image (ImageJ).
Data are expressed as CD68&itactin positive cell ratio. Paraffin-embedded sawdi of stable and

unstable plaques were stained with Masson trichrasexplained abof®

Cytokines quantification

CD14" myeloid cell conditioned media were screened lier concentration of interleukin (IL)B1

IL-6, IL-10, IL-12 (p70), tumor necrosis factor &p(TNF«), vascular endothelial growth factor
(VEGF), soluble CD40 ligand (sCD40L), matrix mebgltoteinase 9 (MMP-9). Measurements
were performed with the Bio-Plex human cytokineftoim BioRad (BioRad, Hercules, CA, USA),

according to the manufacturer’s protocol.



Statistical analysis

All values are presented as mean+SEM. One-way adway ANOVA were performed as
appropriated to compare the different parameteth wontrols or among the different groups. A
significance level 0p<0.05 was assumed for all statistical evaluati@tatistics were computed

with GraphPad Prism software (San Diego, CA).

Extended details of experimental procedures areigeed in Supplementary materials.



Results
CaMKsin atherosclerotic plaques

To evaluate CaMKs expression in human atherosatepaques, we performed Western blot
analysis on protein extracts from 10 UnSP and 1,0a&#gnificant reduction of CaMKII expression
levels was observed in UnSP when compared with B&. LA upper panel and Fig. 1B).

Interestingly, UnSP are characterized by significencrease of CaMKIV protein levels when
compared with SP (Fig. 1A middle panel and Fig..X@)antitative RT-PCR on 6 UnSP and 6SP
confirmed that UnSP presented lower CaMKIl and aig8aMKIV mRNA levels than SP (Fig.

1D).

To define CaMKIl activity in human atherosclerotjgaques, we observed that CaMKII
phosphorylation levels were enhanced in SP comp#oethe unstable ones (Fig.1E and F).
Subsequentlyin vitro *?P kinase assay with endogenous CaMKI! indicatetikimase activity was

more active in human SP compared to UnSP (Fig.1G).

Cell typeand CaMKII content in atherosclerotic plaques

VSMCs produce the connective tissue to maintainstnectural strength of the pladieand a
decreased number of VSMCs favors plaque rupture tarmmbus formatiofi. Therefore, the
tendency of the plagues to stability or instabiligpends on the predominant cellular population

(VSMCs or myeloid cell).

Immunofluorescence studies performed on human &P ZR) and UnSP (Fig. 2B) indicate that
CaMKIl was expressed mainly in F4/80 positive celidhile this kinase showed a very low
expression in VSMCsafactin positive cells). Moreover, UnSPs were chiaaed by lower

prevalence of VSMC compared to the CD68 positivés geopulation in contrast to what observed

in SP (Fig. 2C). Finally, Masson trichrome stainimqgerformed in SP and UnSP to identify
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cellularity (red) and the fibrous content (blud)powed that cellular infiltrates in UnSP (Fig. 2ettl
panel) were irregularly distributed within the @gen matrix, which was less abundant. On the
other hand, SP (Fig.2D, right panel) were charasdr by an elongated shape and regular

distribution alternated to collagen distribution.

Monocytes and macrophages reduce VSM Cs proliferation

The inverse proportion of CD68 positive cells an8MCs in SP and UnSP suggests that myeloid
cells might interfere with VSMCs biology. To ass#sis, we tested medium conditioned by CD14
myeloid cells (prevalently monocytes and macropbpggtracted from 10 UnSPs (CM), to identify
the soluble factors released by human plaque mhaggs (Fig.3A). As expected, IL6 was the most
abundant factor released by CDIdyeloid cells from these plaques (Fig. 4A). Nex¢ assessed
the effect of CM on VSMCs proliferation antH] thymidine uptake. We found that treatment with
CM caused a significant reduction of cellular getation at both 24 and 48 hours compared to
control medium (Ctr) (Fig.3B). Furthermore, CM aldecreasedH] thymidine incorporation by
VSMCs (Fig.3C). These results suggest that soliai®rs released by CD14#nyeloid cells reduce

VSMCs proliferation.

The activation of CD14" myeloid cellsreduces CaMKs activity in VSMCs

To assess whether CM is able to impair CaMKII egpi@n and activation in VSMCs, we treated
these cells with CM of CDI4myeloid cells extracted from UnSP, for 24 h. Werfd that CM did

not induce a difference of CaMKII expression lev@ig).4A upper panel, and Fig.4B) but caused
an important reduction of CaMKIl phosphorylationgBA middle panel, and Fig.4C) and activity
(Fig.4D). Interestingly, CM induced a significamicrease of CaMKIV expression levels (Fig.4A

lower panel, and Fig.4E). These data demonstraialvitro that soluble factors released by
11



CD14 myeloid cells are able to impair CaMKII activitpchinduce CaMKIV expression in humans

VSMCs.

CaMK 1 inhibition prevents CD14" myeloid cells activation

CD14 myeloid cells appear to negatively regulate VSMgsliferation by inducing CaMKII
inhibition. Since we showed that CaMKIl is abundantly expresdsd in plaques CD68 positive
cells, we tested the effect of CaMKII inhibition antivated macrophages to release soluble factors
in the extracellular media. Human CDfdyeloid cells purified from buffy coats of healtdgnors
were treated with LPS in the presence or absendbheoCaMKIl selective peptide inhibitor tat-
CN17%. We observed that CaMKII inhibitor significantlgduced the release of IL6, TBInd
IFNy?® in the cultured media by LPS stimulated macropbd§e.5A). Then we tested the effect of
CaMKII inhibition in macrophages on VSMCs growthiM®f CD14" myeloid cells activated with
LPS induced the inhibition of VSMC proliferations dested by cell count (Fig.5B) antH]
thymidine incorporation (Fig.5C), which was prewhby pretreatment with the CaMKII selective
inhibitor tat-CN1P (Fig.5C and D). These results demonstrate thatJbR&ttivity is an essential
component in the control of the release of cytokiregulating VSMCs proliferative responses by

macrophages.
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Discussion

The main finding of our report is that CaMKIl is anportant checkpoint in the fate of human
atherosclerotic plaques. First, we showed that CAMK highly expressed in arteriosclerotic
plaques, in particular, we found that CaMKIl is maxpressed in SP than UnSP. Second, we
observed that UnSP are characterized by increagpession of CaMKIV. Nevertheless, this
difference was not enough to explain the complexitythe pathophysiology of two different
lesions.

Third, we observed that SP and UnSP express differaio of colonizing macrophages over
resident VSMCs since a prevalence of this latt@biserved in unstable plaques. This observation
must be taken into consideration when comparing ®tpression and activity of CaMKIl between
the two lesion types.

The prevalence of one cell type over the other ledgs the fate of the arteriosclerotic plaque
towards stability or unstability. The accumulatmfmacrophages in the vascular wall produces two
events that facilitate plaque instability and ruptureduced VSMCs proliferation and matrix
degradatiof?® Both events are depending upon the release okiog<®’. Plaques with a poor
VSMC content and elevated infiltration of macropés@re more prone to rupture than plaques rich
in proliferating VSMCs, which will be more stable.

In both VSMCs and plaque infiltrating macrophagiée pathophysiological role of CaMKII is
extremely relevant. Indeed, we describe that CaMkKlincreased in macrophages within the
unstable plaque. This finding is in agreement wptievious data showing the pivotal role of
CaMKIl in activating macrophag¥s On the contrary, in SP, poor in infiltrating meghages,
VSMCs remain the most relevant reservoir of theag&e In these cells, CaMKII activation leads to
cellular proliferation. Our report places in persipee the opposite role of CaMKII in macrophages
and VSMCs. We show that in CD14ells, CaMKIl activation produces cytokines thahibit

CaMKIl activity and cell proliferation in VSMCs. his finding is paralleled by increased CaMKIV

13



expression. Taken together, these findings confinat CaMKIl and CaMKIV are counter-
regulated in proliferative cefl§ The evidence that CM of activated macrophageinkSMCs
proliferation supports the central role of macraghalerived cytokines. Our results in human
macrophages are well in agreement with this visinrthis model, we recapitulated the inhibitory
effects of macro-CM on VSMCs’ CaMKIl activation ardll proliferation. Moreover, we proved
that macrophages’ release of cytokines is CaMKlpethelent since it can be prevented by the
concomitant exposure of these cells to the CaMKlédive inhibitor tat-CN1ff. Our data allow
depicting a pathophysiological scenario of athdaesesis, in which the abundance of CaMKII in
infiltrating CD14" cells leads to the humoral inhibition of VSMCs Ifsvation and plaque
instability. On the contrary, in stable plaque, VG#overexpress CaMKII, which induces VSMCs
proliferation, favoring plaque stability (Fig.5D).

Our investigation leaves the nature of CDtélls, extracted from the plaques, unexplorededud
different macrophages subtypes as well as neutophd lymphocytes have been described in the
plaqued®. Nevertheless, macrophages remain the most abuoelype expressed in the plaques
and, most likely, our cultured CD14ells containing mostly macrophagesThe relative role of
these different immune cell types in atherosclerptaques remains still to be elucidate and steps
beyond the aim of the present investigation.

In summary, our data demonstrate that in athenasgale lesions, the crosstalk between
macrophages and VSMCs is regulated by CaMKIl abdya all, indicate that cell-type specific
inhibition through small molecule can potentiallyodify the fate of cellular components of the
plaque and its morphological features and evolutmmupture. Our data pose the bases of new
therapeutic strategies based on cell type speicifitbition of CaMKII, allowing stabilization of
atherosclerotic lesions. This strategy has therpiadeto modify the clinical outcome of vascular
events of those conditions that promote macrophag@ésation in the vascular wall, such as

diabetes or obesity.
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Cardiovascular diseases represent a leading cduserbidity and mortality, with an ever
increasing burden on health care systems. Acutetgvecognize atherosclerosis as the common
pathogenesis. There are many pieces of evidend&einiterature about the mechanisms and
processes involved in atherosclerosis, the leadauge of death in the industrialized world. It has
recently been demonstrated that CaMKs regulateofiichl processes relevant to the process of
arteriosclerosis, by affecting the biology of vdacwvall cells and infiltratiofy and this is the first
time that CaMKs are taken into account. The charasgtion of the role of the CaMKs in the
pathogenesis of arteriosclerosis, especially innflammatory and proliferative events determining
its evolution, contributes to the understanding tbé molecular mechanism underpinning

atherosclerotic plaque progression, and bringpthential to innovative therapeutic strategies.
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Figure Legends

Fig. 1. CaMKs in atherosclerotic plaques. (A) To evaluate the expression of CaMKs, total cell
lysates from human SPs and UnSPs were analyzed,spécific antibodies, by Western blotting
for total CaMKIl, CaMKIV and phosphothreonine 28&MKII (PCaMKIl) . Immunoblot for actin

is included to show total protein load. ImagesrapFesentative of three separate experiments.

Densitometric analysis from immunoblot quantifi@&) CaMKIl and (C) CaMKIV levels corrected
for actin densitometry. g<0.05vs. SP. (D) Total RNA was isolated from human athderstic
plaques using TRIzol reagent, and cDNA was syntieesby means of a Thermo-Script RT-PCR
System, following the manufacturer’s instructiorer® expression for CaMKIl and CaMKIV was
evaluated by RT-PCR. The graphs indicate the v&amounts of transcripts for CaMKs in SP and
UnSP. Cycle threshold (Ct) values from 3 indepeh@aperiments (n=6/group for A, n=10/group
for B) were normalized to the interrf&lactin control. The ratio of fold change was cadtet using
the Pfaffl method. p<0.05 SPvs. UnSP. (E) Densitometric analysis from immunobloauatified
phosphothreonine 286 CaMKII (P-CaMKII) levels catex for actin densitometry. (5<0.05vs.

SP. (F) CamKIl activity assay was performed usingagenous kinase, obtained from SPs and
UnSPs, which was immunoprecipitated using anti-CéM&ntibody and incubated with its
substrate autocamtide in a reaction mixture coirtgify>?P]-ATP. Quantification of incorporated
radioactivity was performed by liquid scintillatioG) The results are presented as total
incorporation (CPM, count per min.). Each data poirall graphs represents the mean +SEM of 3

independent experiments.

Fig.2. Cdlular localization of CaMKII in atherosclerotic plaques. Section of SP and UnSP were
double-stained with anti-CaMKIIl, anti-CD68 (to iddép macrophages) and antiactin (to
recognize VSMCs) antibodies. Specific fluoresceieled secondary antibodies were used and

images were taken as described in Materials andhaodst (A and B) Representative
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immunofluorescence images from (A) Sp and (B) UsB&v CaMKIl (red), macrophages (green),
actin (blue). Immunofluorescence images from SP d@n&P were digitalized and the relative
staining areas were quantified by NIH Image (Imdg€luantification of the relative cellular
component was performed by counting the number DB& or a-actin positive cells in 5
observation fields at 100X amplification. Data aspressed as CD68 teactin positive cell ratio.
(D) Paraffin-blocked tissues from SPs and UnSRdjs®d and stained with Masson's trichrome,
showed a decrease of interstitial fibrosis and ceducellularity (red cells) in UnSP. Images are

representative of 3 independent experiments (miagtin 60X; black bar = 100m).

Fig.3. Macrophages reduce VSMCs proliferation. (A) CD14" myeloid cells (i.e. monocytes and
macrophages) isolated from UnSPs were culturedtairo conditioned medium (CM). To quantify
the concentration of factors released in the swgtant of cultured CDI4myeloid cells, Bio-Rad
Bio-Plex Pro™ Human Cytokine Magnetic Bead Panedsewused, according to manufacturer’s
instruction. (B) 5x16 VSMC were plated in 6-well plates, serum starvedroight, and cultured
with CM. After 24 and 48 h, cells were harvested anunted by hemocytometep<0.05 SPvs.
UnSP. (C) Serum starved 5X1¥SMC, plated in 6-well plates, were cultured in OGN the
presence of 0.5 pCi/mLHi]-thymidine. After 24 h, the rate ofHi] thymidine incorporation was
determined byB-counter. Values of*H] thymidine are presented as total incorporati@®N,
counts per min.). p<0.05 SPvs. UnSP. Each data point in all graphs representsntren+SEM of

3 independent experiments.

Fig.4. The activation of CD14" myeloid cells reduces CaMK s activity in VSMCs. VSMCs were
cultured for 24 h in conditioned medium (CM) obtdnby cultured CDI4myeloid cells isolated

by UnSPs. (A) Whole extracts underwent Westerntibiptto visualize phosphothreonine 286
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CaMKIll (PCaMKIl), total CaMKIl and CaMKIV. Immunobk for actin is included to show total
protein load. Densitometric analysis from immunolgoantified (B) PCaMKIl, (C) CaMKII and
(D) CaMKIV levels corrected for actin densitomettyp<0.05vs. SP. (E) Total cell lysates were
immunoprecipitated using anti-CamKIl antibody arainples were subjected to CaMKII kinase
assay as indicated in the Materials and methble results are presented as total incorporation
(CPM, counts per min.).px0.05 VSMC- Ctrvs. VSMC-CM. Images are representative of three
separate experiments. Each data point in all grappsesents the meanzSEM of 3 independent

experiments. $<0.05 SPvs. UnSP.

Fig.5. CaMKI1 inhibition prevents CD14" myeloid cells activation. Human CD14 myeloid cells
(monocytes and macrophages) purified from buffytxad healthy donors were pre-treated with
CaMKIl selective inhibitor tat-CN1¥ (5 puMoL/L for 30 min.) and stimulated with LPS (10
nMolL/L) for 24 h to obtain the conditioned mediu@A) Bio-Rad Bio-Plex Pro™ Human Cytokine
Magnetic Bead Panels were used to quantify thekoyes concentration released in the medium by
human CD14 myeloid cells treated with LPS, in the presencalwsence of tat-CNB7* p<0.05

vs. VSMC-Ctr. (B) 5x16 VSMC were plated in 6-well plates, serum starveeroight, and
cultured with supernatant of human CD1ldyeloid cells treated with LPS, in the presence or
absence of tat-CNPB7 After 24 and 48 h, cells were harvested and tmlby hemocytometer.
*p<0.05vs. VSMC-Ctr. (C) Serum starved 5X1USMC, plated in 6-well plates, were cultured in
CM in the presence of 0.5 pCi/mIH]-thymidine. After 24 h, the rate of*H]-thymidine
incorporation was determined tBrcounter. Values of °H] thymidine are presented as total
incorporation (CPM, counts per min¥.p<0.05vs. VSMC-Ctr. Each data point in all graphs
represents the meanzSEM of 3 independent expersm@)A new model of CaMKII function in
atherosclerotic plaques is proposed. In UnsP, CaMetlvation of infiltrating CD124 myeloid cells
induces the release of cytokines that inhibit CaMddtivation in VSMCs, resulting in CaMKIV
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up-regulation and inhibition of proliferation. IPSVSMCs represent the major source of active

CaMKII, and this kinase favors the proliferativeeats of this cell type.
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CELLULAR SUBTYPE EXPRESSION AND ACTIVATION OF CAMKIlI REGULATE THE
FATE OF ATHEROSCLEROTIC PLAQUE

CELLULAR SUBTYPE EXPRESSION AND ACTIVATION OF CAMKIlI REGULATE THE
FATE OF ATHEROSCLEROTIC PLAQUE

Highlights

1. Our report shows CaMKII as an important checkpoint in the fate of human atherosclerotic
plagues

2. The crosstalk between macrophages and VSMCs is regulated by CaMKII in atherosclerotic
lesions.

3. CaMKII levels are increased in stable plague (SP), while unstable plague (UnSP) have

increased expression of CaMKIV.

4. This study contributes to the understanding of the molecular mechanism underpinning
atherosclerotic plague progression,

5. Our data pose the bases of new therapeutic strategies based on cell type specific inhibition
of CaMKIlI, alowing stabilization of atherosclerotic lesions.



