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Abstract

Neutrophils and monocytes through their CD15s, CD11b and CD44 adhesion molecules are
implicated in the initiation and resolution of cardiac inflammation as well as in healing pro-
cesses after the myocardial infarction (MI). The aim of this study was to determine the effect
of white wine consumption on granulocyte and monocyte CD15s, CD11b, and CD44 expres-
sion 24h after the surgically inflicted MI. Granulocytes and monocytes were analyzed by
flow cytometry, using whole blood of male Sprague—Dawley rats that consumed white wine
for 4 weeks. This group was compared with water only drinking controls, sham animals
(subject to surgery without myocardial infarction) and baseline group (intact animals that
received no intervention prior to being sacrificed). Sham animals did not differ from baseline
animals in CD11b+CD44+ percentage and CD44+ median fluorescence intensity. Wine
drinking was associated with striking increase in CD44 expression on monocyte subpopula-
tions. Its expression was three and fourfold increased on monocytes and large monocytes,
respectively, relative to the water only drinking controls. Because of known role of CD44 on
suppression of post-infarction inflammation, its upregulation on granulocytes and mono-
cytes may significantly contribute to the microenvironment favourable for the cardiac
regeneration.

Introduction

An inflammatory response to the myocardial infarction (MI) is a prerequisite for optimal heal-
ing and scar formation [1]. Infarct healing largely depends on neutrophil and monocyte infil-
tration and clearance of the injured tissue from dead cells and matrix debris [2]. Neutrophil
transmigration into the injured myocardium is a result of their interactions with the
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endothelium [1]. Endothelial selectin binding to CD15s neutrophil glycoantigen mediates the
initial tethering of neutrophils to the endothelial cell surface. This enables leukocytes to roll
along the venular wall and to interact with activating factors leading to neutrophil integrin
(such as CD11b) activation [1]. Binding of neutrophil CD11b to Intercellular Adhesion Mole-
cule I(ICAM-1) [3], expressed on stimulated endothelial cells, leads to firm adhesion of leuko-
cytes [1]. The same adhesion molecules are implicated in monocyte extravasation [4]. After
passing the endothelial barrier, neutrophil and monocyte CD44 receptor interacts with hyalur-
onate in the extracellular matrix [5-7]. Hyaluronate participates in organization of the extra-
cellular matrix and is increased during inflammation and tissue remodelling [8, 9]. CD44 is
crucial for optimal infarct healing since it regulates post-infarction cardiac remodelling [10].
Accentuation, prolongation or expansion of the post-infarction inflammatory response may
result in unfavourable remodelling and myocardial dysfunction following the MI [2].

Based on the epidemiological evidence of its beneficial effects on cardiovascular health, red
wine and its constituents were used in many studies examining their potential to protect myo-
cardium against the ischemic injury [11]. Different favourable cardiovascular endpoints are
attributed to the phenolic compounds found in red wine [12] [13], although their exact mecha-
nisms of action are still debatable [14].

In contrast to red wines, in a standard white wine production, the grape juice is fermented
without seeds and skins, which are most important sources of phenolic compounds, resulting
with much lower total phenolic content in white wines [15]. So, biological potentials of white
wines may considerably differ from that of red wines. However, strong epidemiological data
demonstrating superiority of red over white wines are still missing since in vivo studies exam-
ining biological effects of white wine are rather scarce [16-18].

Therefore, we performed a four weeks consumption trial with white wine evaluating the
effects on granulocyte and monocyte inflammatory markers (CD15s, CD11b and CD44), dur-
ing inflammatory phase following experimental myocardial infarction in rats.

Materials and methods

All rats were raised under controlled conditions (temperature, 22+2°C; light schedule, 14 h of
light and 10 h of dark) at the University of Split Animal Facility. Animals were fed with stan-
dard rat chow Mucedola 3.9 kcal/g ad libitum (Settimo Milanese, Milan, Italy). Care of animals
was carried out following the “Guide for the care and use of laboratory animals” (1985); NIH,
Bethesda and was approved both at institutional level by the University of Split, Medical
School Ethics Committee (Document No. 2181-198-03-04-13-0042) and at national level by
the Ministry of Agriculture, Directorate for Veterinary and Food Safety (Document No. 525-
10/0255-16-7).

Study design

One month old Sprague-Dawley male rats were randomized into four groups: animals drink-
ing wine and water for 28 days (group W, n = 9), animals drinking water only (control group,
C, n =9), the sham group (group SH, n = 9) and the baseline group (group BL, n = 11). In the
wine group, for four weeks prior the surgical intervention, the animals consumed white wine
Grasevina Krauthaker vintage 2015, containing 13.0% alcohol, at an average dosage of 5 mL/

100g body weight.

Our calculations, which are a subject of a separate study [19], show that the total daily
intake of alcohol (of about 1 gram per day), and its contribution to the daily caloric intake is
well within the moderate drinking pattern, when translated to human scenarios. Baseline
group included intact animals that received no intervention prior to being sacrificed.

PLOS ONE | https://doi.org/10.1371/journal.pone.0196842 May 10,2018 2/11


https://doi.org/10.1371/journal.pone.0196842

@° PLOS | ONE

Expression of adhesion molecules following myocardial infarction in rats drinking white wine

Rats where anesthetized with a mixture of Ketaminol (Ketaminol 10, 1.2 ml/kg, Intervet
International, Netherlands) and Xylazinum (Xylapan, 0.4 ml/kg, Vetoquintol, Switzerland)
injected in the right hamstring muscles. The surgical procedure was performed using the
‘abdominal approach’ to the heart, as previously described [20]. Briefly, with the aid of a surgi-
cal microscope (Leica, M520 MC1, Switzerland), a midline incision of the anterior half of the
diaphragm was performed while the animal was connected to a ventilator (SAR 830, CWE Inc,
USA) set on 59 breaths/min. The left anterior descending artery was identified on the anterior
surface of the heart and ligated (with a 7.0 nonresorbable suture) about 2 mm from the auricu-
lar margin. In sham animals, the needle was passed under the artery, but ligation was not per-
formed. Immediate colour change of the left ventricular surface (pale appearance) extending
to the apex of the heart was a sign of successful coronary ligation.

After the air was expelled from the thoracic cavity following a surgical repair of the dia-
phragm, animals were removed from the ventilator and resumed spontaneous respirations.

Following performance of coronary ligation in W and C groups, animals were left to survive
for 24 hours and then sacrificed in full anaesthesia (the above described combination of anaes-
thetics) by decapitation.

The presence of the infarction was confirmed by finding a zone of complete ischemia in the
anterior wall of the left ventricle on cross sections (absence of blood cells infiltration). The
peri-infarct area was found on the other side of the ischemic zone and was characterised by
hyperaemia. Animals with infarct sizes between one third and a half of the left ventricular cir-
cumference were taken into account.

Flow cytometry

A blood sample needed for flow cytometry was taken from the heart into glass vacuum tubes
with EDTA anticoagulant by cardiac puncture. One hundred microliters of the whole blood
was pre-treated with an Fc receptor-blocking reagent (Miltenyi Biotec GmbH, Bergisch Glad-
bach, Germany) to prevent nonspecific binding and was incubated for 20 min in the dark at
25°C with 5 uL of anti-CD15s Alexa Fluor 647-conjugate antibodies (Pharmingen, San Diego,
CA), 2 pL of phycoerythrin-conjugated antibodies reactive to rat CD11b (BD Pharmingen,
San Diego, CA) and 5 pL of mouse antibodies reactive to rat CD44H conjugated with FITC
(BD Pharmingen, San Diego, CA). Following the red blood cell lysis with lysis solution
(Miltenyi Biotec GmbH, Bergisch Gladbach, Germany), both single and double-colour stain-
ing fluorescence was measured on a flow cytometer BD Accuri 6 (BD Biosciences, Belgium).
Unstained cell samples were measured and processed as negative controls to set the appropri-
ate regions. Cell acquisition was stopped at 10° cells.

Data analysis

Data acquired by cytometer were analyzed using the FlowLogic Software (Inivai Technologies,
Mentone Victoria, Australia). Leukocyte fluorescence is shown in the forward scatter/side scat-
ter (FSC/SSC) dot plots (Fig 1). FSC parameter indicates cell diameter and SSC indicates cell
granularity. The first set of results of flow logic analyses revealed joined leukocyte populations
(Fig 1, dot plots a-BL and a-C) giving no possibility to distinguish granulocyte and monocyte
populations. Zooming in allowed higher resolution resulting in creation of b-BL and b-C dot
plots (Fig 1). Clearly visible granulocyte population was delineated with ellipse E1, while two
monocyte subpopulations, with lower and higher FSC/SSC values, were delineated with ellipse
E2 and E3, respectively (Fig 1). Two monocyte subpopulations were observed in our study:
with lower (called monocytes in this study) and higher forward and side scatter values (called
large monocytes in this study) [21]. Expression of adhesion molecules on white blood cells was
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Fig 1. Representative gates for granulocytes (E1), monocyte (E2) and large monocyte (E3) populations from
baseline (BL) and control (C) group. Population gates on dot plots a-BL and a-C could not be determined, so they
were zoomed and dot plots set “b” was created. The subpopulation of large monocytes appears in control group of
animals, subjected to myocardial infarction but not in baseline group.

https://doi.org/10.1371/journal.pone.0196842.g001

quantified as fold change in median fluorescence intensity with respect to the baseline group.
Since the influence of myocardial infarction to neutrophil and monocyte CD11b expression is
already well established [22, 23], we used them (rather than lymphocytes) as the primary focus
of our study. The lymphocyte population was mixed with erythrocyte debris that remained
after red blood cell lysis. The lymphocytes were not separated from erythrocyte debris by fur-
ther centrifugation after red blood cell lysis [24], hence they are positioned below granulocytes
in the left corner of Fig 1.

Statistical analysis

For statistical analysis, Mann Whitney test was performed for comparing two groups. The exis-
tence of trends among groups was validated by the Test for linear trend. All statistical analysis
were performed using Past 3.X software with the significance set at P<0.05 [25]. Sample size
was calculated based on Mead’s resource equation.

Results
Large monocytes

Large monocytes from blood of wine drinking animals were characterised by a 3.9-fold (95%
CI 2.28 t0 4.82, p = 0.0001) increase of CD44 expression, when compared with blood samples
from animals drinking water only i.e. control group. Expression of CD44 in control animals
did not differ when compared to animals from sham or baseline groups (Fig 2A). Furthermore,
comparison of baseline and sham rats did not reveal any difference in CD44 expression on
large monocytes. In contrast to CD44, expression levels of CD11b and CD15s were not affected
by neither the wine consumption nor by the MI (Fig 2A). Subpopulations of large monocytes,

PLOS ONE | https://doi.org/10.1371/journal.pone.0196842 May 10,2018 4/11


https://doi.org/10.1371/journal.pone.0196842.g001
https://doi.org/10.1371/journal.pone.0196842

®'PLOS | oxe

Expression of adhesion molecules following myocardial infarction in rats drinking white wine

A

CD44 expression
on large monocytes

CD11b expression
on large monocytes

CD15s expression
on large monocytes

8 20 20
o7 @
5% - N %
2gs 2s . - v A 2 .
55‘ . S5 rof efde o v A %gw' D I YT L R
Tes as Ty LA Aaa Te . =% &
Sz sz o T vy 52 »
v82 v Sos S os
® agm Yryy e €
1 Tou¥
>
S & & & & RO
& G & < G & & G
N M S © N
o o o'
¢ & &
& <& &
f t |
)
[ 1
- f It i
5 i3 If I
J ‘ |
S J — i N M baseline
3 | I i
© vl 8 j i [ sham
J J \m k \ j \ [ water only control
T T Y T T T T i T T T T g Bwine
D44-A CD11b-A CD15s-A
log of fluorescence intensity
CD44 expression CD11b expression CD15s expression
on monocytes on monocytes on monocytes
s 15 15
o7 L o °
H 2 2
8% . i 8310 PRV BEOVCIC I RS L
gi° BN A NI A
Seo4 e 5 .
323 “ 3205 3205
“52 y 4 ok k]
H & H ]
N LML
« $ & S « & & S «° 3 & &
A & A A
& o & o & o
& < <
& & &
/\ | 4
1 1
” ! / A |
S 1l 1IN
S \l J i fi W baseline
= i f
Sl / L\ \ W4 @ sham
/A N t /] .L\ [l water only control
\ /} \ Wwine
T T T g
CD44-A CD11b-A
log of fluorescence intensity
CD44 expression CD11b expression CD15s expression
on granulocytes on granulocytes on granulocytes
20 . 20 20
Lam—
2 2 2
a i 15 Ak ° i 15 a E 15
£z 52 S B s
o 10 o 10 Lo Se10 Baa® o
se ss i = “
g os M "'E 05
S S « & & R
.,-\\(’ ;\,s é’(& & .,-\\e ’«f fo & P Qe«“ &
< o < o < o
s S 0
o o o
& & K
U /‘. ~ A ~ A
: | LU \ A
S Z !n A MElbaseline
I \
© ~ - L @ sham
/ |
_.// k\ _/ \L [l water only control
j WEwine
il i o M e T T T e Nk ke
CD44-A CD11b-A CD15s-A

log of fluorescence intensity

Fig 2. Expression of CD44, CD11b and CD15s on A) large monocytes, B) monocytes and C) granulocytes. Median
fluorescence intensity (MFI) of each group is normalised to and presented as fold change from baseline. Data for each
subpopulation set is represented in diagrams with median values marked. Mann Whitney test was used for data
analyses. Representative fluorescence histograms for each experimental group are provided. *-P<0.05, ***-P<0.001.

https://doi.org/10.1371/journal.pone.0196842.g002
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Table 1. Subpopulations of white blood cells.

Experimental group

Baseline Sham Control Wine
Large Monocytes Median IQR Median IQR Median IQR Median IQR
CD44+ (%) 98.6 96.93-99.89 99.2 98.01-99.23 97.5 95-99.55 99.4 96.75-99.7
CD15s+ (%) 20.5 16.15-35.15 16.77 13.88-35 30.4 25.8-36.05 31.4 23.65-36.05
CD11b+ (%) 98.23 97.23-99.57 99.04 98.3-99.6 98 96.75-99.45 99.4 95.95-99.45
CD44+CD11b+ (%) 95.98 93.55-98.23 98.16 95.74-98.83 97.7 97.17-98.84 95.54 92.63-97.4
Monocytes
CD44+ (%) 64° 21.7-67.7 45.83 27.5-54.66 35.2%° 18.85-43 66.7* 61.25-71.1
CD15s+ (%) 21.92 17.22-36.53 14.17 12.29-38.9 329 29.6-39.8 30.9 27.3-34.05
CD11b+ (%) 50.1 28.36-54.03 27.11 20.18-54.6 40.5 33.7-58.8 49.9 46.5-57.45
CD44+CD11b+ (%) 12.4 9.31-13.1 8.9 7.6-13.26 11.22 9.88-15.74 11.13 9.4-17.73
Granulocytes
CD44+ (%) 4.61 1.49-14.97 3.72 2.17-6.22 2.51° 1.91-4.97 13.29° 5.66-15
CD15s+ (%) 24.21 23.15-29.08 24.86 16.7-32.96 27.35 25.12-29.3 27.57 26.4-29.39
CD11b+ (%) 12.94 10.78-15.97 13.53 5.51-18.37 12.72 7.45-15.27 10.24 8.35-10.98
CD44+CD11b+ (%) 0.46 0.19-1.04 0.24 0.15-0.58 0.48 0.30-0.62 0.48 0.30-0.62

IQR- interquartile range
*- p<0.05 for wine vs. control groups
P_ p<0.05 for trend between baseline, sham and control group

https://doi.org/10.1371/journal.pone.0196842.t001

according to their expression of adhesion molecules, showed no differences in percentage
representation between experimental groups (Table 1).

Monocytes

White wine consumption caused a 3.2-fold (95% CI 1.569 to 3.86, p<<0.0001) increase in
CD44 expression on monocytes in comparison to the water drinking controls (Fig 2B). Ani-
mals from baseline and sham groups had CD44 expression levels similar to those of controls
(Fig 2B). CD11b expression levels on monocytes were similar among all experimental groups
(Fig 2B). CD15s expression was slightly decreased (0.06-fold, 95% CI 0.12 to 0.01, p = 0.0323)
in wine drinking group when compared to the baseline group. Sham and control groups
showed similar trend, but differences failed to reach statistical significance. Regarding per-
centage representation of CD44+ monocytes, there was a gradual drop in values related to
the severity of injury among the baseline, sham and control groups (average drop = 8.75%,
95% CI -17.59 to -0.24, p = 0.0494) (Table 1). In the wine drinking group no drop was
observed, and the values remained practically identical to those of the baseline group

(Table 1).

Granulocytes

CD44 expression on granulocytes from wine group was slightly increased (0.2-fold, 95% CI
0.29 to 0.02, p = 0.0203) in comparison to controls (Fig 2C). No differences in CD11b and
CD15s expression were found between experimental groups. In the wine group, the percentage
of CD44 positivity on granulocytes was highest and significantly differed from controls

(Table 1).
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Discussion

The aim of this study was to evaluate the effects of four weeks long consumption of white wine
to the expression of granulocyte and monocyte inflammatory markers (CD15s, CD11b and
CD44), 24h after the surgically inflicted myocardial infarction.

We focused solely on measurements of humoral inflammatory parameters because of lack
of reliable and accurate measurement techniques of the infarct size at the acute stage of infarct
healing. In order to establish if our surgical approach to the heart affects the expression of
mentioned inflammatory markers, sham animals group was introduced and compared to the
baseline animals. No differences in percentage of CD44+ subpopulation or CD44 median fluo-
rescence intensity (MFI) were found between groups. This is an encouraging proof that our
original, diaphragmectomy-based approach can be regarded as truly minimally invasive surgi-
cal model of MI, because it offers not only an almost bloodless entry to the mediastinum and
excellent visibility of the heart but it also prevents triggering measurable changes of neutrophil
and monocyte inflammatory markers in circulation.

Animal models of MI indicate that monocyte subsets coordinate the initiation and resolu-
tion of cardiac inflammation as well as healing processes after the MI [26]. Immediately after
the onset of ischemia, intravital microscopy can detect a rapid leukocyte infiltration to the
injured murine myocardium [27, 28]. Coordinated actions of different cell types as well as par-
ticipation of extracellular matrix, neutrophil and mononuclear cell contribution are needed
for the resolution of inflammation following MI [2]. Intravital microscopy of the beating mice
heart detected the presence of recruited monocytes within 30 minutes after MI. Monocytes are
recruited first from the vascular reservoir and later from the spleen. [27]. In a clinical model of
acute MI, blood analyses of patients undergoing transcoronary ablation of septal hypertrophy
showed elevated counts of polymorphonuclear neutrophils that appeared within 15 minutes,
with a significant increase starting from 2 to 24 hours, while the monocyte number slightly
decreased and started to increase approximately 24 h after this procedure [29]. The described
leukocyte recruitment dynamics guided us to choose a time window of 24 hours after the MI
for analysis of the adhesion molecule expression.

Endothelial selectin binding to CD15s neutrophil glycoantigen mediates the initial tether-
ing of neutrophils to the endothelial cell surface [1]. Normally, CD15s binding to endothelial
selectin leads to integrin activation (such as CD11b) [1]. Expression of CD11b enables leuko-
cytes to pass from the blood stream to the tissue through interaction with a cardiomyocyte
ICAM-1 [30]. In our study, a tendency of decreasing expression of CD15s on monocytes asso-
ciated with wine consumption was observed. This is in line with results of Sacanella et al., who
observed declined monocyte CD11b and CD15s expression in healthy women, after moderate
white wine consumption [31].

The role of neutrophil and monocyte CD44 receptor is crucial after these cells pass the
endothelial barrier due to CD44 interaction with hyaluronate in extracellular matrix [5-7].
The lack of CD44 correlates with enhanced and prolonged neutrophil and macrophage infil-
tration and increased expression of proinflammatory cytokines in the infarcted myocardium
[10]. It is well known that MI disrupts myocardial hyaluronate network [10, 32]. Digestion of
extracellular matrix and fibrosis of the tissues in the infarcted myocardium are important dur-
ing first 1 to 2 weeks after MI [33]. Hyaluronate is crucial for structural maintenance of tissue
and regulation of inflammation [8]. In addition to its role in regulation of the postinfarction
inflammatory response, CD44 has a role in fibrous tissue deposition in the healing infarct and
in cardiac remodelling [10]. CD44-mediated interactions may play a direct stimulative role in
fibroblast proliferation [34]. Anti-CD44 Ab blocks fibroblast migration on the provisional
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matrix proteins fibronectin, fibrinogen, and hyaluronate, and induces fibroblast apoptosis [35,
36]. CD44-hyaluronate interactions cause neutrophil apoptosis and shortening of inflamma-
tion, which can improve left ventricle function [37]. Augmented dilation of the infarcted
heart may be due to the healing defects associated with CD44 deficiency resulting in marked
decrease in collagen deposition in the scar [10]. Therefore, CD44-mediated removal of hyalur-
onate fragments may have crucial influence on suppression of postinfarction inflammation [2,
38]. Knowing this role of CD44 in cardiac repair, we paid a particular attention to analyse
CD44+ granulocytes and monocyte subpopulations. Wine drinking caused striking increase in
CD44 expression in both monocyte subpopulations. Due to their CD11b expression, almost all
(96%) large monocytes from the wine drinking group were CD11b+CD44+ and able to enter
the cardiac tissue. The CD44 expression at each large monocyte was fourfold higher in com-
parison to the water drinking controls. In addition, CD44 expression was threefold higher in
ordinary monocytes in wine drinking group compared to the water drinking controls. This is
a very specific finding caused by wine consumption.

It was out of the scope of our study to determine which non-alcoholic components of the
white wine could be responsible for the observed effects. It should be mentioned, however,
that white wine is relatively rich in non-flavonoid compounds, such as phenolic acids (deriva-
tives of hydroxybenzoic and hydroxycinnamic acid) and other phenols such as tyrosol, that
have proven and potent biological effects [39, 40].

Neutrophils and monocytes create inflammatory microenvironment that is crucial for the
recruitment of cardiac progenitor cells and repair of the injured myocardium [23]. Anti-
inflammatory strategies such as depletion of either neutrophils or monocytes proved ineffec-
tive in improvement of the cardiac function after MI [23]. Significant effect of wine consump-
tion before MI upon monocyte CD44 expression on the surface of CD44+CD11b+ monocyte
subpopulations tempts to continue this investigation. Combined biochemical, histological and
cytological approaches during 1-2 week after MI would be useful in elucidating the relation-
ship between wine consumption prior to MI and modulation of the inflammatory microenvi-
ronment favourable for the cardiac regeneration.

Supporting information

S1 File. ARRIVE checklist.
(PDF)

Author Contributions

Conceptualization: Anita Markoti¢, Ivica Grkovi¢, Mladen Boban.
Formal analysis: Angela Masteli¢, Benjamin Benzon, Anita Markoti¢.
Funding acquisition: Mladen Boban.

Investigation: Nikolina ReZi¢-Muzini¢, Ivana Mudni¢, Ivica Grkovi¢, Mia Grga, Ana Marija
Milat, Nikola Kljucevi¢.

Methodology: Anita Markoti¢, Ivica Grkovi¢, Mladen Boban.
Project administration: Ivana Mudni¢.
Visualization: Angela Masteli¢, Benjamin Benzon, Anita Markoti¢.

Writing - original draft: Nikolina Rezi¢-Muzini¢, Angela Masteli¢, Anita Markoti¢, Ivica
Grkovi¢, Mladen Boban.

PLOS ONE | https://doi.org/10.1371/journal.pone.0196842 May 10,2018 8/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0196842.s001
https://doi.org/10.1371/journal.pone.0196842

@° PLOS | ONE

Expression of adhesion molecules following myocardial infarction in rats drinking white wine

Writing - review & editing: Nikolina RezZi¢-Muzini¢, Angela Masteli¢, Benjamin Benzon,

Anita Markotié, Ivica Grkovié, Mladen Boban.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Frangogiannis NG, Smith CW, Entman ML. The inflammatory response in myocardial infarction. Cardi-
ovasc Res. 2002; 53(1):31—-47. Epub 2001/12/18. PMID: 11744011.

Frangogiannis NG. Regulation of the inflammatory response in cardiac repair. Circ Res. 2012; 110
(1):159-73. Epub 2012/01/10. https://doi.org/10.1161/CIRCRESAHA.111.243162 PMID: 22223212.

Diamond MS, Staunton DE, de Fougerolles AR, Stacker SA, Garcia-Aguilar J, Hibbs ML, et al. ICAM-1
(CD54): a counter-receptor for Mac-1 (CD11b/CD18). J Cell Biol. 1990; 111(6 Pt 2):3129-39. Epub
1990/12/01. PMID: 1980124.

Koller M, Aringer M, Kiener H, Erlacher L, Machold K, Eberl G, et al. Expression of adhesion molecules
on synovial fluid and peripheral blood monocytes in patients with inflammatory joint disease and osteo-
arthritis. Ann Rheum Dis. 1999; 58(11):709—12. Epub 1999/10/26. PMID: 10531076.

Aruffo A, Stamenkovic |, Melnick M, Underhill CB, Seed B. CD44 is the principal cell surface receptor
for hyaluronate. Cell. 1990; 61(7):1303—13. Epub 1990/06/29. PMID: 1694723.

Kaya G, Rodriguez |, Jorcano JL, Vassalli P, Stamenkovic |. Selective suppression of CD44 in keratino-
cytes of mice bearing an antisense CD44 transgene driven by a tissue-specific promoter disrupts hya-
luronate metabolism in the skin and impairs keratinocyte proliferation. Genes Dev. 1997; 11(8):996—
1007. Epub 1997/04/15. PMID: 9136928.

McDonald B, Kubes P. Interactions between CD44 and Hyaluronan in Leukocyte Trafficking. Front
Immunol. 2015; 6:68. Epub 2015/03/06. https://doi.org/10.3389/fimmu.2015.00068 PMID: 25741341.

Petrey AC, de la Motte CA. Hyaluronan, a crucial regulator of inflammation. Front Immunol. 2014;
5:101. Epub 2014/03/22. https://doi.org/10.3389/fimmu.2014.00101 PMID: 24653726.

Waldenstrom A, Martinussen HJ, Gerdin B, Hallgren R. Accumulation of hyaluronan and tissue edema
in experimental myocardial infarction. J Clin Invest. 1991; 88(5):1622—8. Epub 1991/11/01. https://doi.
org/10.1172/JCI115475 PMID: 1939649.

Huebener P, Abou-Khamis T, Zymek P, Bujak M, Ying X, Chatila K, et al. CD44 is critically involved in
infarct healing by regulating the inflammatory and fibrotic response. J Immunol. 2008; 180(4):2625-33.
Epub 2008/02/06. PMID: 18250474.

Li H, Forstermann U. Red wine and cardiovascular health. Circ Res. 2012; 111(8):959-61. Epub 2012/
09/08. https://doi.org/10.1161/CIRCRESAHA.112.278705 PMID: 22955729.

Quinones M, Miguel M, Aleixandre A. Beneficial effects of polyphenols on cardiovascular disease. Phar-
macol Res. 2013; 68(1):125-31. Epub 2012/11/24. https://doi.org/10.1016/j.phrs.2012.10.018 PMID:
23174266.

Markoski MM, Garavaglia J, Oliveira A, Olivaes J, Marcadenti A. Molecular Properties of Red Wine
Compounds and Cardiometabolic Benefits. Nutr Metab Insights. 2016; 9:51-7. Epub 2016/08/12.
https://doi.org/10.4137/NMI1.S32909 PMID: 27512338.

Forman Henry Jay U F. Para-hormesis: An innovative mechanism for the health protection brought by
antioxidants in wine. Nutrition and Aging 2014; 2:117-24

Katalini¢ V, Milos M, Modun D, Musi¢ |, Boban M. Antioxidant effectiveness of selected wines in com-
parison with (+)-catechin. Food Chem. 2004; 86(4):593-600. http://doi.org/10.1016/j.foodchem.2003.
10.007.

Opie LH, Lecour S. The red wine hypothesis: from concepts to protective signalling molecules. Eur
Heart J. 2007; 28(14):1683—93. Epub 2007/06/15. https://doi.org/10.1093/eurheartj/ehm149 PMID:
17561496.

Krenz M, Korthuis RJ. Moderate ethanol ingestion and cardiovascular protection: from epidemiologic
associations to cellular mechanisms. J Mol Cell Cardiol. 2012; 52(1):93—-104. Epub 2011/11/02. https://
doi.org/10.1016/j.yjmcc.2011.10.011 PMID: 22041278.

Brien SE, Ronksley PE, Turner BJ, Mukamal KJ, Ghali WA. Effect of alcohol consumption on biological
markers associated with risk of coronary heart disease: systematic review and meta-analysis of inter-
ventional studies. BMJ. 2011; 342:d636. Epub 2011/02/24. https://doi.org/10.1136/bmj.d636 PMID:
21343206.

Milat AM, Mudnic¢ I, Grkovi¢ |, Klju€evi¢ N, Grga M, Jer€i¢ |, et al. Effects of White Wine Consumption on
Weight in Rats: Do Polyphenols Matter? Oxid Med Cell Longev. 2017; 2017:7. https://doi.org/10.1155/
2017/8315803 PMID: 29225724

PLOS ONE | https://doi.org/10.1371/journal.pone.0196842 May 10,2018 9/11


http://www.ncbi.nlm.nih.gov/pubmed/11744011
https://doi.org/10.1161/CIRCRESAHA.111.243162
http://www.ncbi.nlm.nih.gov/pubmed/22223212
http://www.ncbi.nlm.nih.gov/pubmed/1980124
http://www.ncbi.nlm.nih.gov/pubmed/10531076
http://www.ncbi.nlm.nih.gov/pubmed/1694723
http://www.ncbi.nlm.nih.gov/pubmed/9136928
https://doi.org/10.3389/fimmu.2015.00068
http://www.ncbi.nlm.nih.gov/pubmed/25741341
https://doi.org/10.3389/fimmu.2014.00101
http://www.ncbi.nlm.nih.gov/pubmed/24653726
https://doi.org/10.1172/JCI115475
https://doi.org/10.1172/JCI115475
http://www.ncbi.nlm.nih.gov/pubmed/1939649
http://www.ncbi.nlm.nih.gov/pubmed/18250474
https://doi.org/10.1161/CIRCRESAHA.112.278705
http://www.ncbi.nlm.nih.gov/pubmed/22955729
https://doi.org/10.1016/j.phrs.2012.10.018
http://www.ncbi.nlm.nih.gov/pubmed/23174266
https://doi.org/10.4137/NMI.S32909
http://www.ncbi.nlm.nih.gov/pubmed/27512338
http://doi.org/10.1016/j.foodchem.2003.10.007
http://doi.org/10.1016/j.foodchem.2003.10.007
https://doi.org/10.1093/eurheartj/ehm149
http://www.ncbi.nlm.nih.gov/pubmed/17561496
https://doi.org/10.1016/j.yjmcc.2011.10.011
https://doi.org/10.1016/j.yjmcc.2011.10.011
http://www.ncbi.nlm.nih.gov/pubmed/22041278
https://doi.org/10.1136/bmj.d636
http://www.ncbi.nlm.nih.gov/pubmed/21343206
https://doi.org/10.1155/2017/8315803
https://doi.org/10.1155/2017/8315803
http://www.ncbi.nlm.nih.gov/pubmed/29225724
https://doi.org/10.1371/journal.pone.0196842

@° PLOS | ONE

Expression of adhesion molecules following myocardial infarction in rats drinking white wine

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Guic MM, Kosta V, Aljinovic J, Sapunar D, Grkovic |. Characterization of spinal afferent neurons project-
ing to different chambers of the rat heart. Neurosci Lett. 2010; 469(3):314—-8. Epub 2009/12/19. https://
doi.org/10.1016/j.neulet.2009.12.016 PMID: 20018227.

Elbim C, Hakim J, Gougerot-Pocidalo MA. Heterogeneity in Lewis-X and sialyl-Lewis-X antigen expres-
sion on monocytes in whole blood: relation to stimulus-induced oxidative burst. Am J Pathol. 1998;
152(4):1081-90. Epub 1998/04/18. PMID: 9546369.

Yue TITL, Chen J, Bao W, Narayanan PK, Bril A, Jiang W, et al. In vivo myocardial protection from
ischemia/reperfusion injury by the peroxisome proliferator-activated receptor-gamma agonist rosiglita-
zone. Circulation. 2001; 104(21):2588—94. Epub 2001/11/21. PMID: 11714655.

Cheng B, Chen HC, Chou IW, Tang TW, Hsieh PC. Harnessing the early post-injury inflammatory
responses for cardiac regeneration. J Biomed Sci. 2017; 24(1):7. Epub 2017/01/15. https://doi.org/10.
1186/512929-017-0315-2 PMID: 28086885.

Peakman M, Tredger JM, Davies ET, Davenport M, Dunne JB, Williams R, et al. Analysis of peripheral
blood mononuclear cells in rodents by three-colour flow cytometry using a small-volume lysed whole
blood technique. J Immunol Methods. 1993; 158(1):87—94. Epub 1993/01/14. PMID: 8429219.

Hammer &, Harper D.A.T., Ryan P.D. PAST: Paleontological statistics software package for education
and data analysis. Palaeontol Electronica. 2001; 4(1):9pp.

Nahrendorf M, Pittet MJ, Swirski FK. Monocytes: protagonists of infarct inflammation and repair after
myocardial infarction. Circulation. 2010; 121(22):2437—-45. Epub 2010/06/10. https://doi.org/10.1161/
CIRCULATIONAHA.109.916346 PMID: 20530020.

Jung K, Kim P, Leuschner F, Gorbatov R, Kim JK, Ueno T, et al. Endoscopic time-lapse imaging of
immune cells in infarcted mouse hearts. Circ Res. 2013; 112(6):891-9. Epub 2013/02/09. https://doi.
org/10.1161/CIRCRESAHA.111.300484 PMID: 23392842.

Lee S, Vinegoni C, Feruglio PF, Fexon L, Gorbatov R, Pivoravov M, et al. Real-time in vivo imaging of
the beating mouse heart at microscopic resolution. Nat Commun. 2012; 3:1054. Epub 2012/09/13.
https://doi.org/10.1038/ncomms2060 PMID: 22968700.

Liebetrau C, Hoffmann J, Dorr O, Gaede L, Blumenstein J, Biermann H, et al. Release kinetics of inflam-
matory biomarkers in a clinical model of acute myocardial infarction. Circ Res. 2015; 116(5):867-75.
Epub 2014/12/18. https://doi.org/10.1161/CIRCRESAHA.116.304653 PMID: 25516775.

Smith CW, Marlin SD, Rothlein R, Toman C, Anderson DC. Cooperative interactions of LFA-1 and Mac-
1 with intercellular adhesion molecule-1 in facilitating adherence and transendothelial migration of
human neutrophils in vitro. J Clin Invest. 1989; 83(6):2008—17. Epub 1989/06/01. https://doi.org/10.
1172/JCI114111 PMID: 2566624.

Sacanella E, Vazquez-Agell M, Mena MP, Antunez E, Fernandez-Sola J, Nicolas JM, et al. Down-regu-
lation of adhesion molecules and other inflammatory biomarkers after moderate wine consumption in
healthy women: a randomized trial. Am J Clin Nutr. 2007; 86(5):1463—-9. Epub 2007/11/10. https://doi.
org/10.1093/ajcn/86.5.1463 PMID: 17991660.

Dobaczewski M, Gonzalez-Quesada C, Frangogiannis NG. The extracellular matrix as a modulator of
the inflammatory and reparative response following myocardial infarction. J Mol Cell Cardiol. 2010;
48(3):504—11. Epub 2009/07/28. https://doi.org/10.1016/j.yjmcc.2009.07.015 PMID: 19631653.

Dutta P, Nahrendorf M. Monocytes in myocardial infarction. Arterioscler Thromb Vasc Biol. 2015; 35
(5):1066—70. Epub 2015/03/21. https://doi.org/10.1161/ATVBAHA.114.304652 PMID: 25792449.

Wibulswas A, Croft D, Bacarese-Hamilton I, Mcintyre P, Genot E, Kramer IM. The CD44v7/8 epitope as
a target to restrain proliferation of fibroblast-like synoviocytes in rheumatoid arthritis. Am J Pathol. 2000;
157(6):2037—44. Epub 2000/12/07. https://doi.org/10.1016/S0002-9440(10)64842-0 PMID: 11106576.

Svee K, White J, Vaillant P, Jessurun J, Roongta U, Krumwiede M, et al. Acute lung injury fibroblast
migration and invasion of a fibrin matrix is mediated by CD44. J Clin Invest. 1996; 98(8):1713-27. Epub
1996/10/15. https://doi.org/10.1172/JCI118970 PMID: 8878421.

Henke C, Bitterman P, Roongta U, Ingbar D, Polunovsky V. Induction of fibroblast apoptosis by anti-
CD44 antibody: implications for the treatment of fibroproliferative lung disease. Am J Pathol. 1996; 149
(5):1639-50. Epub 1996/11/01. PMID: 8909253.

lyer RP, Patterson NL, Zouein FA, Ma Y, Dive V, de Castro Bras LE, et al. Early matrix metalloprotei-
nase-12 inhibition worsens post-myocardial infarction cardiac dysfunction by delaying inflammation res-
olution. Int J Cardiol. 2015; 185:198-208. Epub 2015/03/24. https://doi.org/10.1016/}.ijcard.2015.083.
054 PMID: 25797678.

Bonafe F, Govoni M, Giordano E, Caldarera CM, Guarnieri C, Muscari C. Hyaluronan and cardiac
regeneration. J Biomed Sci. 2014; 21:100. Epub 2014/11/02. https://doi.org/10.1186/s12929-014-
0100-4 PMID: 25358954.

PLOS ONE | https://doi.org/10.1371/journal.pone.0196842 May 10,2018 10/11


https://doi.org/10.1016/j.neulet.2009.12.016
https://doi.org/10.1016/j.neulet.2009.12.016
http://www.ncbi.nlm.nih.gov/pubmed/20018227
http://www.ncbi.nlm.nih.gov/pubmed/9546369
http://www.ncbi.nlm.nih.gov/pubmed/11714655
https://doi.org/10.1186/s12929-017-0315-2
https://doi.org/10.1186/s12929-017-0315-2
http://www.ncbi.nlm.nih.gov/pubmed/28086885
http://www.ncbi.nlm.nih.gov/pubmed/8429219
https://doi.org/10.1161/CIRCULATIONAHA.109.916346
https://doi.org/10.1161/CIRCULATIONAHA.109.916346
http://www.ncbi.nlm.nih.gov/pubmed/20530020
https://doi.org/10.1161/CIRCRESAHA.111.300484
https://doi.org/10.1161/CIRCRESAHA.111.300484
http://www.ncbi.nlm.nih.gov/pubmed/23392842
https://doi.org/10.1038/ncomms2060
http://www.ncbi.nlm.nih.gov/pubmed/22968700
https://doi.org/10.1161/CIRCRESAHA.116.304653
http://www.ncbi.nlm.nih.gov/pubmed/25516775
https://doi.org/10.1172/JCI114111
https://doi.org/10.1172/JCI114111
http://www.ncbi.nlm.nih.gov/pubmed/2566624
https://doi.org/10.1093/ajcn/86.5.1463
https://doi.org/10.1093/ajcn/86.5.1463
http://www.ncbi.nlm.nih.gov/pubmed/17991660
https://doi.org/10.1016/j.yjmcc.2009.07.015
http://www.ncbi.nlm.nih.gov/pubmed/19631653
https://doi.org/10.1161/ATVBAHA.114.304652
http://www.ncbi.nlm.nih.gov/pubmed/25792449
https://doi.org/10.1016/S0002-9440(10)64842-0
http://www.ncbi.nlm.nih.gov/pubmed/11106576
https://doi.org/10.1172/JCI118970
http://www.ncbi.nlm.nih.gov/pubmed/8878421
http://www.ncbi.nlm.nih.gov/pubmed/8909253
https://doi.org/10.1016/j.ijcard.2015.03.054
https://doi.org/10.1016/j.ijcard.2015.03.054
http://www.ncbi.nlm.nih.gov/pubmed/25797678
https://doi.org/10.1186/s12929-014-0100-4
https://doi.org/10.1186/s12929-014-0100-4
http://www.ncbi.nlm.nih.gov/pubmed/25358954
https://doi.org/10.1371/journal.pone.0196842

@° PLOS | ONE

Expression of adhesion molecules following myocardial infarction in rats drinking white wine

39. Thirunavukkarasu M P S, Samuel SM, Akita Y, Zhan L, Bertelli AAE, Maulik G, et al. White Wine
Induced Cardioprotection against Ischemia-Reperfusion Injury Is Mediated by Life Extending Akt/

FOXO3a/NFkB Survival Pathway. J Agric Food Chem. 2008; 56:6733-9. https://doi.org/10.1021/
jf801473v PMID: 18642840

40. Rodriguez-Morat6 J BA, Kotronoulas A, Pujadas M, Pastor A, Olesti E, Pérez-Mana C, et al. Metabolic
disposition and biological significance of simple phenols of dietary origin: hydroxytyrosol and tyrosol.
Drug Metab Rev. 2016; 48:218-36. https://doi.org/10.1080/03602532.2016.1179754 PMID: 27186796

PLOS ONE | https://doi.org/10.1371/journal.pone.0196842 May 10,2018 11/11


https://doi.org/10.1021/jf801473v
https://doi.org/10.1021/jf801473v
http://www.ncbi.nlm.nih.gov/pubmed/18642840
https://doi.org/10.1080/03602532.2016.1179754
http://www.ncbi.nlm.nih.gov/pubmed/27186796
https://doi.org/10.1371/journal.pone.0196842

