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The role of S100A8/A9 in cardiac rupture
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Abstract: SI00A8/A9 signaling pathway is believed to be related with inflammation. Study found elevated S100A9/
A9 level in patients with acute cardiac infarction. Due to the involvement of acute inflammation of cardiac tissues in
the heart rupture after cardiac infarction, this study investigated the role of S1I00A8/A9 in cardiac rupture. Mouse
model with cardiac infarction was established. Recombinant lentiviral vector over-expressing or interfering S100A8/
A9 was injected into cardiac tissues. The morality rate of mice was observed within 1 week, along with the detec-
tion of myeloperoxidase (MPO) expression in cardiac tissues by immunohistochemical staining. Over-expression
of S100A8/A9 effectively increased the mortality rate of model mice, while RNA interference against S100A8/A9
significantly decreased the mortality rate. Post-mortal examination revealed a positive correlation between car-
diac rupture incidence and S100A8/A9 level, which was also directly correlated with MPO expression after cardiac
infarction. Inhibition of S100A8/A9 can effectively reduce the inflammatory response after cardiac infarction. In
conclusion, S100A8/A9 may enhance the incidence of heart rupture after myocardial infarction via facilitating

inflammatory response.
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Introduction

Cardiac rupture is one severe complication
after acute myocardial infarction. Although the
development of re-perfusion approaches such
as percutaneous transluminal coronary angjo-
plasty (PTCA) has made major progresses in
the treatment of cardiac infarction, the inci-
dence of cardiac rupture is still up to 6% in the
recent 20 years, with mortality rate being aro-
und 58% [1, 2]. Therefore studying the patho-
genesis and countermeasures of cardiac rup-
ture after myocardial infarction is of critical
importance.

The major reason for cardiac rupture after
acute myocardial infarction was believed to be
the acute inflammation, leading to necrosis of
cardiac tissues and higher tension of ventricle
walls, and subsequent heart rupture [3]. Con-
sistent with this, the over-infiltration of neutro-
phil can be observed in the mesenchymal tis-
sue of cardiac muscles in the ventricle wall of

those patients [3]. Moreover, myeloperoxidase
(MPO) gene knockout mice had shown certain
protection against heart rupture during myocar-
dial infarction [4]. The anti-inflammatory growth
transformation factor-15 was also known to
inhibit the occurrence of heart rupture after
cardiac infarction [5]. Therefore suppression of
acute inflammatory response may effectively
inhibit the occurrence of cardiac rupture after
myocardial infarction.

Belonged to S100 protein family, S100A8 and
S100A9 proteins are mainly secreted by myelo-
id cells and believed to be related with inflam-
mation. The abnormal higher level of serum
S100A8/A9 heterodimer is an indicator of
inflammation and closely related with various
inflammatory diseases such as peripheral
nerve injury-induced inflammatory response [6]
and chronic glomerulonephritis [7]. Therefore
S100A8/A9 may work as biological marker for
focal inflammation [8]. Recent study has sug-
gested the elevated S100A8/A9 level in acute
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Figure 1. mRNA expression of S100A8 or S100A9 in
cardiac tissues in different groups.
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Figure 2. Protein expression of S100A8 or S100A9 in
cardiac tissues in different groups.
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myocardial infarction patients [9], indicating its
potential involvement in inflammation after
infarction. However, no direct study has been
performed regarding the relationship between
S100A8/A9 expression and heart rupture after
acute myocardial infarction. We thus investi-
gated the role of these two molecules in the
occurrence of heart rupture.

Materials and methods
Animal model of myocardial infarction

Mice were provided by Shandong University. A
total of 100 C57BL/6 male mice (aged 11~12
weeks) were randomly divided into sham group,
scramble RNA group, Sh-A8/A9 group, vector
group and LvA8/A9 group. Using previously doc-
umented method [10], the myocardial infarc-
tion model was established. In brief, mice were
anesthetized with 50 mg/kg pentobarbital so-
dium via intraperitoneal injection. Animals were
then fixed in a supine position, with tracheal
intubation connected to artificial ventilation. An
incision was made via the fourth rib left side of
the sternum to expose the heart. The left coro-
nary artery was ligated by 8-O suture. The
model was evaluated by the whitening color of
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myocardial tissues and persistent elevation of
ST wave in electrocardiogram.

All procedures were approved by the Animal
Ethics Committee of Shandong Provincial Hos-
pital Affiliated to Shandong University.

Lentiviral vectors

Eukaryotic expression vector for shRNA of
S100A8/A9 was generated to construct pLVX-
shRNA2, pLVX-shRNA2-S100A8/A9 and empty
vectors (pLVX-shRNA2-NC), all of which were
amplified in 293T cells.

Vectors over-expression S100A8/A9 was also
constructed as pLVX-Mrp8/14-IRES-ZsGreenl-
IRES-Neo orempty vector (pLVX-IRES-ZsGreen1-
IRES-Neo). Vectors were amplified in Lenti-X
Lentiviral expression system.

Those vectors were injected in 5 different sites
along the board line of infarction zone, using 30
G-needle. At each site, 10 pL viral vectors
(scramble, vector, shA8/A9 or LvA8/A9) were
applied (1 x 10* viral genome copies per mL).

Immunohistochemical staining

One week after infarction, animals were sacri-
ficed for collecting heart tissues, which were
fixed in 10% neutral buffered formalin to pre-
pare paraffin-based sections (5 um thickness).
Tissues sections were de-waxed, hydrated, pro-
cessed for antigen retrieval in 0.01 M citric acid
buffer (pH 6) in a microwave oven, and blocked
with normal goat serum for 20-min incubation
at room temperature. Rabbit anti-mouse MPO
antibody (1:200 dilution, Abcam, UK) was then
applied for overnight incubation at 4°C. On the
next day, secondary antibody (1:1 000 dilution,
Jackson, US) was applied for 1-hour incubation,
followed by DAB substrate development for 10
min. Hematoxylin was used to counter-stain tis-
sues. The expression of MPO was semi-quanti-
tatively analyzed by Image-Pro Plus software.

qRT-PCR

Total RNA was extracted from cardiac tissues
using Trizol reagent and reversely transcripted
into cDNA using PrimeScript RT reagent Kit
according to manufacturer’s instructions. qRT-
PCR was performed on ABI7500 in triplicates
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Figure 3. Survival curve
of infarction mice.
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with 10 L system including 4.5 L 2 x SYBR
Green Mixture, 0.5 mL 2.5 m/L forward primer,
0.5 L 2.5 mm/L reverse primer, 1 L cDNA and
3.5 L ddH,0. Primers sequences were design-
ed as follows: S100A8 F: 5-ATGCCGTCTACAG-
GGATGAC-3’, S100A8 R: 5-ACTGAGGACACTC-
GGTCTCTA-3’; S100A9 F: 5-GGTCATAGAAC-
ACATCATGGAGG-3’, S100A9 R: 5-GGCCTGGC-
TTATGGTGGTG-3’; b-actin F: 5-GAACCCTAAG-
GCCAAC-3’, b-actin R: 5-TGTCACGCACGATTT-
CC-3'. PCR conditions were: 95°C 15 sec, 60°C
30 sec, 74°C 30 sec for 40 cycles.

Western blot

Proteins were isolated from cardiac tissues
using RIPA lysis buffer and concentration was
measured by BCA assay. 50 mg protein was
separated by SDS-PAGE followed by transfer-
ring to PVDF membrane and blocking with 5%
milk for 1 h at room temperature. Then mouse
anti-human S100A8 or S100A9 antibody
(1:500 dilution) was added and incubated at
4°C overnight followed by wash three times by
PBST and addition of HRP-conjugated second-
ary antibody (1:5000 dilution) for 1 h. After
washing three times by PBST, positive band
was detected by ECL.

Statistical analysis

SPSS 13.0 software was used to process all
collected data, which were firstly tested for nor-
mality. Measurement data were presented as
mean * standard deviation (SD). Analysis of
variance (ANOVA) was used to compare means
across groups. Between-group-comparison
was performed by SNK test. The survival analy-
sis was performed by Kaplan-Meier method. A
statistical significance was defined when P <
0.05.
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Results
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Overexpression of S1I00A8/
A9 facilitated the occurrence
of cardiac rupture

As most of heart rupture
occurred within one week
after primary onset of myocar-
dial infarction, we analyzed
the survival rate of mice with-
in one week by twice daily
check. Those dead mice were
immediately examined to con-
firm the mortality reason. The
expressions of S100A8 and S100A9 (mRNA
and protein levels) in cardiac tissues were
upregulated and downregulated after overex-
pression of S1I00A8/A9 or interference against
S100A8/A9 in mice as demonstrated by qRT-
PCR (Figure 1) and western blot (Figure 2), sug-
gesting the success of manipulation of
S100A8/19 expression in vivo. Survival analy-
sis showed elevated mortality rate in animals
with over-expression of SI00A8/A9 (P < 0.05in
comparing vector vs. LvA8/A9 group), and
decreased mortality rate after interference
against S100A8/A9 (P < 0.05 as scramble vs.
ShA8/A9, Figure 3). Post-mortal examination
showed more frequent heart rupture after over-
expression S100A8/A9 (11 vs. 6, P < 0.05),
while RNA interference against S100A8/A9
effectively decreased cardiac rupture cases (1
in shA8/A9 vs. 6 in scramble group, P < 0.05,
Figure 4).

S100A8/A9 enhanced inflammatory response
after myocardial infarction

Immunohistochemical staining showed signifi-
cant elevation of MPO expression in myocardial
tissues in mice with acute myocardial infarc-
tion, suggesting the enhanced acute inflamma-
tory response. The over-expression of S1I00A8/
A9 effectively increased the MPO expression
(vector vs. LVA8/A9 group, P < 0.05). The RNA
interference against S100A8/A9 significantly
depressed MPO expression (scramble vs.
ShA8/A9 group, P < 0.05, Figure 5). These
results suggested that inhibition of SI00A8/A9
expression might suppress the inflammatory
response after myocardial infarction.

Discussion

The body’s immune system will be activated
after severe ischemia of myocardial tissues
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Figure 4. Survival rate
of cardiac rupture-free.
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apoptosis and eventually car-
diac dysfunction [13-15]. The
infiltration of large amounts

=i— MI+Scramble
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—i— MI+shA8/A9 of inflammatory cells may
1 MI+LvAB/A9 also release inflammatory
i — mediators such as MPO to

participate in the inflamma-
tion. Those factors enhance
the necrosis and apoptosis of
cardiomyocytes, as well as
cellular dysfunction of endo-
thelial cells [16]. MPO is se-
creted by neutrophils, mono-
cytes and some macropha-
ges, and is mainly derived
from polymorphic nuclear
cells (PMNs). As the marker
for neutrophil activation, MPO
level reflects the status and
functional role of PMN [16].
Previous study has suggested
MPO enzyme as one indepen-
dent predictive factor for
acute coronary syndrome and
is closely related with acute
cardiac infarction [16].

Belonged to S100 protein
family, S100A8 and S100A9
are mainly secreted by mye-
loid cells. Serum level of
S100A8/A9 heterodimer is an
indicator of inflammation and
closely related with various
inflammatory diseases such
as peripheral nerve injury-
induced inflammatory res-
ponse [6] and chronic glomer-
ulonephritis  [7]. Therefore
S100A8/A9 may work as bio-
logical marker for focal inflam-
mation [8]. More importantly,
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Figure 5. MPO expressions in all groups. Scale bar, 100 pym.

during acute cardiac infarction, to recruit sev-
eral inflammatory cells toward the infarction
lesion for releasing cytokines which participate
in the inflammatory response [11, 12]. Previous
studies have revealed the adverse effects and
cytotoxicity of over-expressing inflammatory
cytokines on cardiomyocytes to facilitate cell
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recent study has suggested
the elevated S100A8/A9 level
in acute myocardial infarction
patients [9]. The peak level of
S100A8/A9 is correlated with
the peak level of peripheral leukocytes and
neutrophil, in addition to inflammatory protein
C reactive protein and myocardial enzyme.
Immunohistochemical staining results showed
the expression of S100A8/A9 complex in neu-
trophil and macrophage that are infiltrated in
myocardial tissues at infarction site [17, 18].
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Although previous studies have revealed the
correlation between S100A8/A9 complex and
myocardial infarction, its detailed role in the
pathogenesis of myocardial infarction is still
unclear. Our results showed that over-expres-
sion of S100A8/A9 could effectively enhance
the MPO expression, while RNA interference
can decrease MPO level, suggesting the inhibi-
tion of inflammation after infarction by S100A8/
A9 down-regulation. The acute inflammatory
response is of critical importance in the occur-
rence of cardiac rupture after acute myocardial
infarction. Previous studies have reported over-
infiltration of neutrophil in the mesenchymal
tissue of cardiac muscles in the ventricle wall
of those patients [3]. Moreover, myeloperoxi-
dase (MPO) gene knockout mice had shown
certain protection against heart rupture in myo-
cardial infarction [4]. The anti-inflammatory gr-
owth transformation factor-15 was also known
to inhibit the occurrence of heart rupture after
cardiac infarction [5]. Results from this study
showed the inhibition of post-infarction inflam-
matory response by suppressing S100A8/A9
expression, indicating the possible role of
S100A8/A9 in the occurrence of cardiac
rupture.

In acute myocardial infarction patients with
elevated ST wave, the rupture of ventricles
often occur within 10 days after the primary
infarction [12, 19]. Similar patterns can be
observed in mice, which had the peak time of
heart rupture at day 3~day 5 after infarction
[19, 20]. We thus observed the survival rate
and mortality reason of myocardial infarction
mice. Post-mortal examination showed the pos-
itive correlation between S100A8/A9 expres-
sion and the incidence of cardiac rupture, sug-
gesting the potential involvement of S100A8/
A9 in the occurrence of cardiac rupture after
acute myocardial infarction by mediating relat-
ed inflammatory response.

In summary, this study confirmed the role of
S100A8/A9 in heart rupture after acute myo-
cardial infarction, providing more evidence for
clinical prevention of heart rupture in myocar-
dial infarction patients.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Yuhui Li, Depart-
ment of Cardiology, Yantaishan Hospital, Yantai 264-

8809

000, Shandong, China. Tel: +86-0535-2996346;
Fax: +86-0535-2996346; E-mail: liyuhui221@sina.
com

References

[1] Becker RC, Gore JM, Lambrew C, Weaver WD,
Rubison RM, French WJ, Tiefenbrunn AJ,
Bowlby LJ and Rogers WJ. A composite view of
cardiac rupture in the United States National
Registry of Myocardial Infarction. J Am Coll
Cardiol 1996; 27: 1321-1326.

[2] Shamshad F, Kenchaiah S, Finn PV, Soler-Soler
J, McMurray JJ, Velazquez EJ, Maggioni AP,
Califf RM, Swedberg K, Kober L, Belenkov Y,
Varshavsky S, Pfeffer MA and Solomon SD.
Fatal myocardial rupture after acute myocardi-
al infarction complicated by heart failure, left
ventricular dysfunction, or both: the VALsartan
In Acute myocardial iNfarcTion Trial (VALIANT).
Am Heart J 2010; 160: 145-151.

[3] Zidar N, Jeruc J, Balazic J and Stajer D.
Neutrophils in human myocardial infarction
with rupture of the free wall. Cardiovasc Pathol
2005; 14: 247-250.

[4] Askari AT, Brennan ML, Zhou X, Drinko J,
Morehead A, Thomas JD, Topol EJ, Hazen SL
and Penn MS. Myeloperoxidase and plasmino-
gen activator inhibitor 1 play a central role in
ventricular remodeling after myocardial infarc-
tion. J Exp Med 2003; 197: 615-624.

[5] Kempf T, Zarbock A, Widera C, Butz S,
Stadtmann A, Rossaint J, Bolomini-Vittori M,
Korf-Klingebiel M, Napp LC, Hansen B,
Kanwischer A, Bavendiek U, Beutel G, Hapke
M, Sauer MG, Laudanna C, Hogg N, Vestweber
D and Wollert KC. GDF-15 is an inhibitor of leu-
kocyte integrin activation required for survival
after myocardial infarction in mice. Nat Med
2011; 17: 581-588.

[6] Chernov AV, Dolkas J, Hoang K, Angert M,
Srikrishna G, Vogl T, Baranovskaya S, Strongin
AY and Shubayev VI. The calcium-binding pro-
teins S100A8 and S100A9 initiate the early
inflammatory program in injured peripheral
nerves. J Biol Chem 2015; 290: 11771-11784.

[71 Pepper RJ, Wang HH, Rajakaruna GK, Papakri-
vopoulou E, Vogl T, Pusey CD, Cook HT and
Salama AD. S100A8/A9 (calprotectin) is criti-
cal for development of glomerulonephritis and
promotes inflammatory leukocyte-renal cell in-
teractions. Am J Pathol 2015; 185: 1264-
1274,

[8] Vogl T, Eisenblatter M, Voller T, Zenker S,
Hermann S, van Lent P, Faust A, Geyer C,
Petersen B, Roebrock K, Schafers M, Bremer C
and Roth J. Alarmin S100A8/S100A9 as a bio-
marker for molecular imaging of local inflam-
matory activity. Nat Commun 2014; 5: 4593.

Int J Clin Exp Pathol 2016;9(9):8805-8810


mailto:liyuhui221@sina.com
mailto:liyuhui221@sina.com

(9]

(10]

[11]

[12]

[13]

[14]

[15]

Cellular signal in cardiac rupture

Du CQ, Yang L, Han J, Yang J, Yao XY, Hu XS and
Hu SJ. The elevated serum S100A8/A9 during
acute myocardial infarction is not of cardiac
myocyte origin. Inflammation 2012; 35: 787-
796.

Xuan W, Liao Y, Chen B, Huang Q, Xu D, Liu,
Bin J and Kitakaze M. Detrimental effect of
fractalkine on myocardial ischaemia and heart
failure. Cardiovasc Res 2011; 92: 385-393.
Seaman DR and Palombo AD. An overview of
the identification and management of the met-
abolic syndrome in chiropractic practice. J
Chiropr Med 2014; 13: 210-219.

Gao XM, White DA, Dart AM and Du XJ. Post-
infarct cardiac rupture: recent insights on
pathogenesis and therapeutic interventions.
Pharmacol Ther 2012; 134: 156-179.

Wei N, Zhang C, He H, Wang T, Liu Z, Liu G, Sun
Z, Zhou Z, Bai C and Yuan D. Protective effect
of saponins extract from Panax japonicus on
myocardial infarction: involvement of NF-
kappaB, Sirtl and mitogen-activated protein
kinase signalling pathways and inhibition of
inflammation. J Pharm Pharmacol 2014; 66:
1641-1651.

Shukla SK, Sharma SB and Singh UR. Pre-
treatment with alpha-tocopherol and Termi-
nalia arjuna ameliorates, pro-inflammatory cy-
tokines, cardiac and apoptotic markers in myo-
cardial infracted rats. Redox Rep 2015; 20:
49-59.

De Hoog VC, Timmers L, Van Duijvenvoorde A,
De Jager SC, Van Middelaar BJ, Smeets MB,
Woodruff TM, Doevendans PA, Pasterkamp G,
Hack CE and De Kleijn DP. Leucocyte expres-
sion of complement Cba receptors exacer-
bates infarct size after myocardial reperfusion
injury. Cardiovasc Res 2014; 103: 521-529.

8810

(16]

(19]

[20]

Lin J, Wang H, Li J, Wang Q, Zhang S, Feng N,
Fan R and Pei J. kappa-Opioid receptor stimu-
lation modulates TLR4/NF-kappaB signaling in
the rat heart subjected to ischemia-reperfu-
sion. Cytokine 2013; 61: 842-848.

Croce K. S100A8/A9 complex: more than just
a biomarker of cardiovascular risk? Circ J
2010; 74: 626-627.

Katashima T, Naruko T, Terasaki F, Fujita M,
Otsuka K, Murakami S, Sato A, Hiroe M, lkura
Y, Ueda M, Ikemoto M and Kitaura Y. Enhanced
expression of the S100A8/A9 complex in
acute myocardial infarction patients. Circ J
2010; 74: 741-748.

Xuan W, Wu B, Chen C, Chen B, Zhang W, Xu D,
Bin J and Liao Y. Resveratrol improves myocar-
dial ischemia and ischemic heart failure in
mice by antagonizing the detrimental effects
of fractalkine*. Crit Care Med 2012; 40: 3026-
3033.

Garikipati VN, Krishnamurthy P, Verma SK,
Khan M, Abramova T, Mackie AR, Qin G,
Benedict C, Nickoloff E, Johnson J, Gao E,
Losordo DW, Houser SR, Koch WJ and Kishore
R. Negative Regulation of miR-375 by Inter-
leukin-10 Enhances Bone Marrow-Derived
Progenitor Cell-Mediated Myocardial Repair
and Function After Myocardial Infarction. Stem
Cells 2015; 33: 3519-3529.

Int J Clin Exp Pathol 2016;9(9):8805-8810



