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Abstract: It is unclear whether Toll-like receptor (TLR) 2 plays a role in post-ischemic myocardial inflammatory re-
sponse and cardiac dysfunction in both males and females. Permanent ischemia was induced in male and female
C57BL/6J (wild-type, WT) and TLR2 knockout (KO) mice. Infarct size and left ventricular (LV) function were analyzed
at day 7. Myocardial levels of monocyte chemoattractant protein-1 (MCP-1) and intercellular adhesion molecule-1
(ICAM-1), as well as neutrophil infiltration, were assessed at day 3, and mononuclear cell accumulation was deter-
mined at day 7. Lower MCP-1 and ICAM-1 levels, and reduced leukocyte accumulation correlated with smaller infarct
size and improved LV function in male TLR2 KO mice. Female WT mice exhibited attenuated myocardial inflamma-
tory response and injury, and TLR2 KO in females did not provide a protective effect although myocardial TLR2 levels
in female WT mice were unaltered, and their cardiac cells responded to bacterial TLR2 agonist properly. TLR2 KO in
male mice reduced post-ischemic myocardial inflammatory response, resulting in smaller infarct sizes and improved
cardiac function. However, TLR2 KO was not beneficial in female mice. The gender disparity in the role of TLR2 in
post-ischemic myocardial inflammatory response and myocardial injury suggests that interception with TLR2 signal-

ing may have therapeutic potentials only in males.
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Introduction

Gender difference in cardiovascular diseases is
recognized in humans [1]. Women are known to
benefit from the cardioprotective actions of
female sex hormones that discontinue with the
onset of menopause [2, 3]. This gender differ-
ence in cardiovascular conditions is also dem-
onstrated in animal studies. Several reports
confirmed that female mice have better cardiac
function after myocardial infarction (M) that
is associated with attenuated early inflamma-
tion, improved repair response and attenuated
adverse left ventricular (LV) remodeling [4-6].
Furthermore, female mice exhibit myocardial
resistance to tumor necrosis factor receptor
(TNFR) 1 signaling during ischemia [7]. In addi-
tion, female sex hormones appear to be anti-
infammatory and are responsible for cardio-
vascular protection in females [8, 9].

Toll-like receptors (TLRs) are innate immune
receptors that sense the presence of patho-
gen-associated molecular patterns. Accumulat-

ed evidence demonstrates that TLR2 and TLR4
play important roles in the signaling mecha-
nisms that contribute to post-ischemic myocar-
dial inflammatory response and myocardial
injury [10, 11]. Several studies found that TLR2
and TLR4 also respond to endogenous proteins,
such as heat shock proteins (HSP) and high
mobility group box 1 (HMGB1), released from
stressed and/or injured cells [12-16]. TLR2-
deficient mice are protected against post-isch-
emic coronary endothelial dysfunction [17]. In
addition, reduced myocardial fibrosis in TLR2
knockout (KO) mice after myocardial ischemia
indicates TLR2 is involved in maladaptive LV
remodeling [18]. Thus, TLR2 appears to play a
role in post-ischemic myocardial injury and car-
diac dysfunction. However, these previous stud-
ies determined the role of TLR2 only in male
mice. It is unknown whether TLR2 has a similar
role in females.

Sex hormones are important modifiers of the
tissue and cellular inflammatory response to
injury. Several studies indicate the interaction
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of female sex hormones with TLRs. Lipopoly-
saccharides (LPS)-induced inflammation in
murine airway is reduced in female, but is exag-
gerated in females administered testosterone
[19]. In addition, 17beta-estradiol inhibits IL-8
release induced by TLR agonists via ERbeta
in cystic fibrosis bronchial epithelial cells [20].
However, removal of endogenous estrogens
has been shown to decrease the production of
both pro- and anti-inflammatory cytokines, with
a concomitant reduction in cell surface expres-
sion of TLR4 in macrophages [21]. Similarly,
testosterone is found to reduce macrophage
expression of TLR4 [22]. Although these stud-
ies suggest that sex hormones could alter TLR
expression and the TLR-mediated inflammatory
responses, it remains unknown whether the
TLR2-mediated myocardial inflammatory resp-
onses to ischemia are gender-dependent.

Using a permanent ischemia model, the pur-
poses of this study were to determine 1) wheth-
er TLR2 knockout (KO) reduces the myocardial
inflammatory response in both male and female
mice, 2) whether TLR2 KO attenuates myocar-
dial injury and improves cardiac function in the
late phase of ischemia, and 3) whether myocar-
dial TLR2 levels are altered in female mice.

Material and methods
Animals

Male and female C57 BL/6J wild-type (WT) and
TLR2 KO mice were purchased from Jackson
Laboratory (Bar Harbor, MA). Mice were accli-
mated in a quarantine room for 2 weeks before
experiments, and maintained on a standard
pellet diet. Their age ranged from 12 to 14
weeks, and body weight was 26.3 + 1.12 g in
males and 22.9 + 0.81 g in females when used
for the experiments. All experiments were
approved by the Animal Care and Research
Committee of University of Colorado Denver,
and this investigation conforms to The Guide
for the Care and Use of Laboratory Animals
(National Research Council, revised 1996).

Chemicals and reagents

Staphylococcus aureus peptidalglycan (PGN)
was purchased from Sigma-Aldrich (St. Louis,
MO). Rabbit anti-mouse intercellular adhesion
molecule (ICAM)-1 was purchased from Santa
Cruz Biotechnology (Santa Cruz, CA). Rabbit
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anti-mouse HSP25 was purchased from Enzo
Life Science (Plymouth Meeting, PA). Rabbit
anti-mouse TLR2 and rabbit anti-mouse -actin
were purchased from Cell Signaling (Boston,
MA). Goat anti-mouse MyD88 and mouse
monocyte chemoattractant protein (MCP)-1
Enzyme-linked immunosorbent assay (ELISA)
kit were purchased from R&D Systems
(Minneapolis, MN). All other chemical and
reagents were purchased from Sigma Chemical
Co (St Louis, MO).

Induction of myocardial infarction

Myocardial infarction was induced by coronary
ligation in male WT, male TLR2 KO, female WT
and female TLR2 KO mice. Animals were anes-
thetized by intraperitoneal injection of a mix-
ture of ketamine (100 mg/kg) and xylazine (20
mg/kg). When animals became unconscious,
they were placed on a heating pad and their
body temperature was kept at 37°C. The tra-
chea was intubated through oral route with a
cannula sized either 22 G or 20 G according to
the body weight of animal. Animals were venti-
lated with a rodent ventilator at a rate of 130
breaths/min and a tidal volume of 0.012 ml/g
body weight, using 100% oxygen.

A left thoracotomy was performed to expose
the heart. The major anterior descending
branch of the left coronary artery was ligated
with a 8-0 silk suture at the position of approxi-
mately 2.0 mm distal to the lower edge of the
left atrium. Sham operation was performed
without ligating the left coronary artery.

Hearts were collected at the end of the experi-
ments. Apex was separated for myocardial for
analysis of ICAM-1 and MCP-1 levels, and the
middle portion between apex and the suture
was used for histology analysis.

Measurement of LV function

LV function was determined using a pressure-
volume catheter (Millar Instruments, Houston,
TX) as previously described [23]. Mice were
anesthetized and anticoagulated with pento-
barbital (60 mg/kg, i.p.) and heparin (1,000 U/
kg, i.p.). The right carotid artery was cannulat-
ed and a microcatheter (1F) inserted until a
ventricular waveform was obtained. The pres-
sure-volume loops were recorded using the
MPVS-400 System with the aid of PVAN soft-
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ware. Pressure-volume loops were recorded at
steady-state for the following parameters:
heart rate (HR), end-diastole volume (EDV),
end-systolic volume (ESV), stroke volume (SV),
end-diastole pressure (EDP), end-systolic pres-
sure (ESP), ejection fraction (EF) and cardiac
output (CO). Six to ten pressure-volume loops
during inferior vena cava occlusion were sam-
pled and used to analyze maximum elasticity
(Emax), which is the slope of the end-systolic
pressure-volume relationship independent of
changes in preload and afterload.

Histological analysis of infarction size

Hearts were embedded in freezing medium and
frozen in dry ice. Heart specimens were sec-
tioned along the short axis into 6.0-um thick
section and stained for hematoxylin-eosin
(H.E.). Photos were taken under a low power
microscope. The sizes of infarction were
assessed by the NIH Imagel software (Wayne
Rasband, National Institutes of Health,
Bethesda, MD) and expressed as infarct%
[(infarct area/LV area) x100%)].

Isolation, culture and treatment of mouse
coronary vascular endothelial cells

Mouse cardiac microvascular endothelial cells
(MCVECs) were isolated using a previously
reported method [24] with modification [25].
Briefly, hearts were briefly dipped into 70% eth-
anol to devitalize epicardial mesothelial cells
and endocardial endothelial cells. Ventricular
tissue was minced into approximately 1.0 mm?3
pieces, and digested at 37°C for 10 min in 2.0
ml of norminally calcium-free Hank’s balanced
salt solution (HBSS) supplemented with colla-
genase Il (1.0 g/I), glucose (2.0 g/I), taurine
(2.5 g/I), bovine serum albumin (BSA, 0.1%),
and MgCl, (1.4 mM). Then, the tissue pellet was
re-suspended in a second digestion solution
containing 0.125% trypsin, 0.1 mM EDTA and
2.0 g/l glucose dissolved in HBSS, and incu-
bated at 37°C for 10 min with shearing by
pipetting once every 3 min. At the end of this
digestion, the supernatant was transferred into
a 15 ml falcon tube containing 1.0 ml of FBS,
and cells were separated from tissue debris
and remaining myocytes by spinning at 500
rom for 5 min. The supernatant was centrifuged
at 1,200 rpm (4°C) for 8 min to collect endothe-
lial cells. The cells were resuspended in 10 ml
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Dulbecco’s modified Eagle’s medium (DMEM,
Mediatech, Mannassas, VA) supplemented
with 20% FBS, penicillin (50,000 U/I) and strep-
tomycin (50 g/I).

Cells were seeded in 500 pyl DMEM in 24-well
plates. After growing to confluent, PGN (10 ug/
ml) was added to the cells. After treatment
for 24 h, MCAECs were washed three times
with cold PBS, and then lysed with lysis buffer
(protease inhibitor cocktail and Mammalian
Protein Extraction Reagent, Thermo Scientific,
Waltham, MA).

Immunoblotting

TLR2, MyD88, TLR4 and ICAM-1 levels in myo-
cardial homogenate were analyzed by immu-
noblotting as previously described [26]. Myo-
cardial homogenate was mixed with an equal
volume of sample buffer (100 mM Tris-HCL (pH
6.8), 2% SDS, 0.02% bromophenol blue and
10% glycerol). Crude myocardial protein (10 pg)
and MCVECs protein were fractioned on 4-20%
acrylamide gradient gels (Bio-Rad, Hercules,
CA) and transferred onto nitrocellulose mem-
branes. Membranes were blocked for 1 h at
room temperature with 5% skim milk in TPBS
(PBS containing 0.1% Tween 20), and then incu-
bated with the appropriate primary antibodies
diluted with TPBS containing 5% skim milk
(TLR2 antibody 1:200, MyD88 antibody 1:500,
TLR4 antibody 1:400, B-actin antibody 1:1000,
ICAM-1 antibody 1:200 and HSP25 antibody
1:1000) overnight at 4°C. After washing with
TPBS, membranes were incubated with horse-
radish peroxidase (HRP)-linked secondary anti-
bodies (1:5000 dilution with TPBS containing
5% skim milk) at room temperature for 1 h.
Bands were developed using enhanced chemi-
luminescence  (ECL, Thermo  Scientific,
Rockford, IL) and exposed on Fuji X-ray films.
Band density was analyzed using the NIH
Image) software.

MCP-1 assay

Enzyme-linked immunosorbent assay (ELISA)
kit was used to analyze MCP-1 in myocardial
homogenates. Myocardial homogenate was
prepared in 10 volumes of homogenate buffer
[0.1 M sodium phosphate (pH 7.5) containing
0.1% Triton x100, 2 mM EGTA, 1.0 mM benza-
midine and 1.0 mM phenylmethylsulfonylfluori-
de] and centrifuged at 1,000x g for 15 min at
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nuclear leukocytes (PMNs)
and mononuclear cells in
infracted area [12]. Myo-
cardial sections were fixed
in 4% paraformaldehyde,
incubated with a rat mono-
clonal antibody against
mouse PMN (clone 7/4,
ABD Serotec, Oxford, UK) or
a rabbit polyclonal antibody
against CD68 (a specific
marker for monocytes and
macrophages), and then
incubated with Cy3-tagged
secondary goat anti-rat 1gG
or goat anti-rabbit IgG
(imaged in the red chan-
nel). Nuclei were stained
with bis-benzimide (DAPI,
imaged in the blue chan-
nel), and glycoproteins on

male WT male
TLR2KO

Figure 1. Infarct size at 7 days after coronary ligation is reduced in male TLR2
KO mice, but not in female TLR2 KO mice. Representative histological images
and semi-quantitative data show that infarct size was reduced in male TLR2
KO mice compared to male WT mice. Female WT mice had smaller infarct sizes

*

* cell surfaces with Alexa
40 - * # 488-tagged wheat germ
agglutinin (imaged in the
green channel). Microscopy
was performed with a Leica
DMRXA digital microscope

20 T . T |

female WT

(Leica Mikroskopie und Sy-

fenmle steme GmbH, Wetzlar, Ger-
TLR2KO many). Under x400 magni-
fications, the densities of
PMNs and macrophages in
the infracted zones were
determined manually from
5 randomly selected areas.

than male WT mice. However, female TLR2 KO mice did not exhibit further re-

duction of infarct size. Results are expressed as Mean + SEM; n=7; *P<0.05 vs.

male WT mice; #P<0.05 vs. female TLR2 KO mice.

4°C with an Eppendorf centrifuge (model
5417R, Brinkmann Instruments, Westbury,
NY). Supernatant was collected, and protein
concentrations were analyzed before analysis
of MCP-1. Recombinant murine MCP-1 was
used to construct standard curves. Absorbance
of standards and samples was determined
spectrophotometrically at 450 nm using a
microplate reader (Bio-Rad, Hercules, CA).
Results were plotted against the linear portion
of a standard curve.

Immunofluorescent staining

Immunofluorescent staining was performed as
previously described to examine polymorpho-
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Statistical analysis

Data are expressed as

mean + standard error
(SEM). Analysis of variance (ANOVA) was per-
formed, and differences were considered sig-
nificant when P<0.05, as verified by Fisher
post-hoc test.

Results

Infarct size is reduced and LV function is im-
proved in male TLR2 KO mice, but not in fe-
male TLR2 KO mice

The survival rate is not significantly different
between male and female mice (80%, 12 out of
15, in male WT mice; 86% 12 out of 14, in
female WT mice; 92%, 12 out of 13, in male
TLR2 KO mice and 86%, 12 out of 14, in female
TLR2 KO mice). The main causes of mortality
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Table 1. LV function at day 7 after coronary ligation

Male Female

Group/Parameter  Sham iy ghemia ™™ ionomia ischemie

HR, beat/min 528 £+ 15.3 531 +10.3 514 + 8.15 522 + 6.25 535+ 9.54 531 +12.8
ESV, ul 145+211 281+236" 21.7+3.08% 122+3.01 222+1.37"*% 235+1.36
EDV, ul 27.0+5.60 31.8+2.26 30.2+3.34 239+6.12 30.0+235" 31.9+1.33
SV, ul 189+2.68 8.13+0.86° 154 +1.03"% 188+ 1.12 13.2+1.63"% 14.7+1.43
ESP, mmHg 985+0.85 51.2+4.76° 889+11.7* 90.5+152 87.9+6.05% 85.3+4.95
EDP, mmHg 6.31+0.12 13.0+2.77" 10.9 £9.03* 6.42+0.53 11.8+3.46° 12.1+4.05
EF, % 46.3+3.68 11.7+1.76° 283+3.24"*% 489+554 26.0+0.88"* 26.2+0.55
CO, ml/min 10.0+0.69 4.32+0.20° 793+0.64"* 9.84+0.46 7.05+0.43"*% 777+ 1.88
Emax, mmHg/ul 12.4+0.71 4.20+0.49" 9.39+1.05"% 11.3+0.52 7.84+0.87"* 8.06+0.45

HR, heart rate; ESV, end-systolic volume; EDV, end-diastolic volume; SV, stroke volume; ESP, end-systolic pressure; EDP, end-
diastolic pressure; EF, ejection fraction; CO, cardiac output; Emax, end-systolic elastance; Results are expressed as Mean +

SEM; n =7; *P<0.05 vs. correspondent sham (combined WT and TLR2 KO); #P<0.05 vs. male WT ischemia. HR.

M M F

included blood loss during surgery and severe
arrhythmia immediately after coronary ligation.
Out of the 12 survivors in each group, 5 ani-
mals were sacrificed at day 3 and 7 for
analysis.

We measured the infarct size and LV function at
7 days after coronary ligation. In male WT mice,
infarct size was 50.01 + 1.82% of ischemic
myocardium, and it was significantly smaller in
male TLR2 KO mice (33.06 + 5.48%; P<0.05
vs. male WT, Figure 1). Infarct size in female WT
mice was 39.12 + 2.10% (P<0.05 vs. male WT),
and there was no difference in infarct size
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Males Females

Figure 2. Hearts of female mice express function-
al TLR2. A. Myocardial homogenates from male
and female WT mice were analyzed by immunob-
lotting for TLR2, MyD88 and TLR4 levels. Myocar-
dial levels of TLR2 and MyD88 were comparable
between males and females. Similarly, there is
no difference in myocardial TLR4 levels between
male and female mice. B. Cardiac microvascular
endothelial cells from male and female WT mice
were stimulated with a TLR2 agonist (PGN, 10
ug/ml) for 24 h. ICAM-1 levels were analyzed by
immunoblotting. A representative immunoblot of
two separate experiments shows that cells from
female hearts had an intact ICAM-1 response to
a bacterial TLR2 agonist. Ctrl = untreated control.

between female WT and female TLR2 KO mice
(41.43 + 5.73, Figure 1).

Selected LV function parameters were shown
in Table 1. Since sham-operated WT and TLR2
KO mice had no difference in LV function, sham
data were combined. Male TLR2 KO mice exhib-
ited improved LV function and ventricular elas-
ticity in comparison to male WT mice. While
female WT mice exhibited improved LV function
in comparison to male WT mice, TLR2 KO in
females did not further improve LV function.
Thus, TLR2 KO reduced infarct size and im-
proved early LV remodeling only in male mice.

Int J Clin Exp Med 2015;8(7):10537-10547
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Figure 3. TLR2 KO reduces MCP-1 and ICAM-1 expression in ischemic myocar-
dium of male mice. Male and female WT and TLR2 KO mice were subjected to
myocardial ischemia for 3 days. MCP-1 levels in ischemic myocardium were as-
sessed by ELISA, and ICAM-1 levels were analyzed by immunoblotting. A. TLR2
KO reduced myocardial MCP-1 levels in male mice. Female WT mice had lower
myocardial MCP-1 levels, and TLR2 KO did not affect myocardial MCP-1 levels
in female mice. Results are expressed as Mean + SEM; n=5; *P<0.05 vs. male
WT mice; #P<0.05 vs. female TLR2 KO mice. B. A representative immunoblot of
4 experiments and densitometric data show a reduction in ICAM-1 levels after
ischemia in male TLR2 KO mice compared with male WT mice. Female WT mice
had lower myocardial ICAM-1 levels. No further reduction was evident in female
TLR2 KO mice. Results are expressed as Mean + SEM; n=5; *P<0.05 vs. male
WT mice; #P<0.05 vs. female TLR2 KO mice.

There is no gender difference in myocardial
TLR2 and MyD88 levels

comparable levels of TLR2,
MyD88 and TLR4 in
females and males. To
determine whether TLR2 is
dysfunctional in cardiac
cells of female mice, we
isolated cardiac microvas-
cular endothelial cells, an
important cell type in the
myocardial  inflammatory
response to ischemia, from
female and male WT mice
and stimulated the cells
with a specific TLR2 ago-
nist. A representative im-
munoblot in Figure 2B sh-
ows that cells from female
and male mice expressed
ICAM-1 in response to TLR2
stimulation and that there
was no gender difference in
the response to a bacterial
TLR2 agonist. Thus, female
and male mice have com-
parable levels of myocardi-
al TLR2 and MyD88, and
TLR2 function in cardiac
microvascular endothelial
cells of female mice is
unaltered.

TLR2 KO reduces MCP-1
and ICAM-1 levels in isch-
emic myocardium of male
mice

To determine whether sm-
aller infarct sizes and im-
proved LV function in male
TLR2 KO mice and female
WT mice are associated
with a reduced inflamma-
tory response to ischemia,

we analyzed myocardial levels of MCP-1 and
ICAM-1, critical mediators for leukocyte infiltra-

tion, at day 3. MCP-1 and ICAM-1 levels

To determine whether the improved post-isch-
emic outcomes and the lack of TLR2 KO effect
in females are due to altered myocardial TLR2
and/or MyD88 levels, we examined myocardial

increased in ischemic myocardium at 3 days
after coronary ligation (Figure 3A and 3B). In
comparison to male WT mice, myocardial
MCP-1 levels decreased by 61.67% (P<0.05),

TLR2 and MyD88 levels in female and male and ICAM-1 levels decreased by 54.39%

WT mice. In addition, myocardial levels of TLR4
were analyzed in male and female WT mice
for contrast. The results in Figure 2A show
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(P<0.05) in male TLR2 KO mice (Figure 3A and
3B). Myocardial MCP-1 and ICAM-1 levels were
also lower in female WT mice compared to male

Int J Clin Exp Med 2015;8(7):10537-10547
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As shown in Figure b5,
mononuclear cell accumu-
lation was reduced in male
TLR2 KO mice and female
WT mice at 7 days after
coronary ligation. TLR2 KO
had no effect on mononu-
clear cell accumulation in
female mice.

Discussion

The results show that TLR2
KO reduces infarct size and
improves LV function only
in male mice. These benefi-
cial effects of TLR2 KO are
associated with reduced
MCP-1 and ICAM-1 levels,
and attenuated neutrophil
and mononuclear cell accu-

male WT male TLR2KO fanale WT

Figure 4. TLR2 KO reduces neutrophil infiltration in ischemic myocardium of
male mice at day 3. Male and female WT and TLR2 KO mice were subjected to
myocardial ischemia. Ischemic myocardium was harvested at day 3 for immu-
nofluorescent staining of neutrophils using a specific antibody against mouse
PMN (red), the nuclei were counterstained with bis-benzimide (blue) and cellu-
lar glycoproteins were stained green with wheat germ agglutinin. Images show
reduced neutrophil infiltration in injured myocardium in male TLR2 KO mice
compared to male WT mice. While female WT mice had fewer neutrophils in
injured myocardium, TLR2 KO in females did not further reduce neutrophil in-
filtration. Neutrophil counts are expressed as Mean + SEM; n=5; *P<0.05 vs.

male WT mice.

WT mice. However, TLR2 KO had no effect on
myocardial MCP-1 and ICAM-1 levels in females
(Figure 3A and 3B).

TLR2 KO reduces neutrophil and mononuclear
cell accumulation in ischemic myocardium of
male mice

To determine whether the attenuated myocar-
dial inflammatory response to ischemia in male
TLR2 KO mice and female WT mice correlated
with reduced leukocyte infiltration, we exam-
ined neutrophils in ischemic myocardium at
3 days and mononuclear cells in ischemic
myocardium at 7 days after coronary ligation.
Figure 4 shows that neutrophil infiltration was
reduced in male TLR2 KO mice and female WT
mice. In consistent with the MCP-1 and ICAM-1
results, neutrophil infiltration was also not dif-
ferent between female TLR2 KO mice and
female WT mice.
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mulation in the ischemic
myocardium. Female WT
mice exhibit reduced myo-
cardial inflammatory resp-
onse and myocardial injury
following ischemia. How-
ever, TLR2 KO has no ben-
eficial effect in female mice
although myocardial TLR2
and MyD88 levels in female
WT mice are comparable to
those of male WT mice, and
coronary vascular endothe-
lial cells from female WT mice respond to bac-
terial TLR2 agonist properly.

fanale TLR2KO

It has been reported that infarct size following
myocardial ischemia/reperfusion (I/R) is small-
er in male TLR2 deficient mice [17]. The results
of the present study confirmed that infarct size
is reduced in male TLR2 KO mice at 7 days of
permanent ischemia. In addition, we observed
that male TLR2 KO mice have significantly
improved LV function at 7 days of ischemia. The
improvement in LV function could be due to
both infarct size reduction and adaptive remod-
eling. Surprisingly, female TLR2 KO mice did
not exhibit either infarct size reduction or LV
functional improvement in comparison to
female WT mice. Previous studies found that
female mice have smaller infarct size after
myocardial I/R [27]. Our results show that
female WT mice are partly protected against

Int J Clin Exp Med 2015;8(7):10537-10547
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hearts may not release a
significant  amount  of
endogenous TLR2 activa-
tors, such as HSP70 and
HMGBZ1, during ischemia.
Alternatively, female sex
hormones may modulate
TLR2 signaling during isch-
emia. It is also possi-
ble that male sex hormon-
es are required for TLR2
function during ischemia.
Nevertheless, females are
protected and TLR2 KO
would not provide further
protection. In this regard,
estrogen has been found
to be anti-inflammatory in

*
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. animal models of renal,
T T ‘ cerebral and myocardial
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male female
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Figure 5. TLR2 KO reduces mononuclear cell accumulation in ischemic myocar-

female I/R injury [28-30]. Further
investigations are needed
to determine the underlying
mechanism(s).

TLR2KO

dium of male mice at day 7. Male and female WT and TLR2 KO mice were sub-

jected to myocardial ischemia. Ischemic myocardium was harvested at day 7
for immunofluorescent staining of mononuclear cells using a specific antibody
against mouse CD68 (red), the nuclei were counterstained with bis-benzimide
(blue), and cellular glycoproteins were stained green with wheat germ aggluti-
nin. Images show reduced mononuclear cell accumulation in injured myocar-
dium in male TLR2 KO mice compared to male WT mice. Female WT mice had

Although the myocardial
inflammatory response is
required for injury healing
and scar formation after
myocardial infarction [31,

attenuated mononuclear cell accumulation in injured myocardium. However, 32], excessive myocardi-

TLR2 KO in females had no effect on mononuclear cell accumulation. Mono-
nuclear cell counts are expressed as Mean + SEM; n=5; *P<0.05 vs. male WT

mice; #P<0.05 vs. female TLR2 KO mice.

myocardial injury and LV dysfunction at 7 days
after permanent coronary ligation. It remains
unclear why TLR2 KO has no additional benefit
in female mice. Apparently, myocardial TLR2
and MyD88 levels are unaltered in female WT
mice. Further, cardiac microvascular endotheli-
al cells from female WT mice respond to bacte-
rial TLR2 agonist PGN properly for ICAM-1
expression. The observation that cardiac micro-
vascular endothelial cells, an important cell
type in the early myocardial inflammatory
response to ischemia, has no gender differ-
ence in their response to a TLR2 agonist sug-
gests that the gender disparity in the role of
TLR2 in the myocardial inflammatory response
and myocardial injury is likely due to an influ-
ence on TLR2 activation or signaling in female
hearts by myocardial and/or systemic factors
associated with myocardial ischemia. Female
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al inflammatory response
could enlarge infarct size
[33]. TLRs are important in
regulating the myocardial
inflammatory response to injury [10, 34, 35],
and the TLR2-MyD88 pathway contributes to
the myocardial inflammatory response and
myocardial injury [36-38]. It is known that
stressed and injured cells release intracellular
proteins, and extracellular HSP70 and HMGB1
activate TLR2 and TLR4 to promote the inflam-
matory response [12, 39, 40]. Evidence sug-
gests that the TLR2-mediated pathway plays a
significant role in triggering the post-infarction
inflammatory response. We observed that male
TLR2 KO mice have markedly lower levels of
MCP-1 and ICAM-1 in ischemic myocardium at
3 days of ischemia. Both MCP-1 and ICAM-1 are
important for leukocyte infiltration to ischemic
tissue [41-43]. Indeed, reduced myocardial lev-
els of MCP-1 and ICAM-1 in male TLR2 KO mice
result in attenuated neutrophil infiltration and
mononuclear cell accumulation in ischemic

Int J Clin Exp Med 2015;8(7):10537-10547



Gender disparity in TLR2 role in myocardial injury

myocardium at 3 days and 7 days, respective-
ly.

An exaggerated myocardial inflammatory res-
ponse is implicated in the mechanisms of
adverse LV remodeling [44, 45]. We found that
the smaller infarct sizes and improved LV func-
tion at 7 days of permanent ischemia in female
mice were associated with attenuated myocar-
dial inflammatory response at 3 days. Our
results support the notion that excessive myo-
cardial inflammatory response to ischemia
exaggerates post-ischemic myocardial injury
and promotes maladaptive LV remodeling. We
found that myocardial function in male TLR2
KO mice was improved at 7 days after ischemia
in comparison to WT males. In females, how-
ever, no functional improvement was associat-
ed with TLR2 KO. Similarly, the myocardial
inflammatory response was not further reduced
in female TLR2 KO mice. Thus, female mice are
not benefited from TLR2 KO in either the myo-
cardial inflammatory response or myocardial
injury following ischemia. These results indi-
cate that TLR2 plays an important role in the
myocardial inflammatory response and LV dys-
function after Ml only in males.

In summary, the results of the present study
show: 1) TLR2 KO suppresses the myocardial
inflammatory response, reduces infarct size
and improves early LV remodeling in male
mice after permanent myocardial ischemia,
2) female mice have attenuated myocardial
inflammatory response and reduced myocardi-
al injury after ischemia, and are not benefited
from TLR2 KO and 3) the lack of TLR2 KO effect
in females is not due to myocardial TLR2 defi-
ciency. These findings indicate that there is a
gender disparity in the role of TLR2 in post-isch-
emic myocardial inflammatory response and
myocardial injury, and suggest that interception
with TLR2 signaling may have therapeutic
potentials only in males.
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