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Objective: A polarized macrophage response plays a critical role in the pathophysiological
process of myocardial infarction (MI). Several studies have shown a pro-inflammatory role
for monomeric C-reactive protein (mCRP) in cardiovascular disease. However, the mechan-
ism of how mCRP regulates macrophage phenotype switching remains unknown. In the
present study, the effect of mCRP on macrophage polarization and its pathological function
in myocardial repair after myocardial infarction was investigated.

Methods: MI was induced by permanent ligation of the left anterior descending coronary
artery in ICR mice. Adult mice were injected with mCRP (2.5 mg/kg) with or without
SP600125 (15 mg/kg, INK inhibitor) 45 min before MI. The cardiac function, scar size as
well as cardiac fibrosis, infiltration of inflammatory cells, and the level of proteins in the INK
signaling pathway in infarcted myocardium were assessed. In addition, the phenotypic
characterization of macrophages was further measured by ELISA, flow cytometry and
quantitative RT-PCR in cultured THP-1 cells or peritoneal macrophages.

Results: Cardiac function deterioration, ventricular dilatation and fibrosis were exacerbated
in mice pretreatment with mCRP following MI. Meanwhile, an increased accumulation of
infiltrated inflammatory cells in infarcted myocardium was observed in the mCRP group.
Moreover, activation of the JNK signaling pathway was markedly elevated in mCRP treated
animals post-MI. In contrast, pharmacological inhibition of JNK phosphorylation activity by
SP600125 muted the detrimental effects of mCRP in MI mice. Furthermore, in vitro and
in vivo co-culture experiments showed that mCRP shifted macrophage polarization towards
pro-inflammatory phenotypes, and this polarization could be abolished by sp600125.
Conclusion: Taken together, our results imply that mCRP impairs myocardial repair after
myocardial infarction by polarizing the macrophages into the pro-inflammatory M1 pheno-
type via the JNK-dependent pathway.

Keywords: myocardial infarction, monomeric CRP, inflammation, macrophage polarization,
JNK pathway

Introduction

Inflammation plays a pivotal role in cardiovascular disease such as atherosclerosis, acute
myocardial infarction (MI) and heart failure.'* Recently, anti-inflammatory therapy had
demonstrated valuable potentiality to alleviate the cardiac damage in acute myocardial

infarction.”® Macrophages are considered to be the main participants in inflammation
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during the pathophysiological process of cardiovascular
diseases."”® Meanwhile, they are highly plastic and assumed
to function dependent on the micro-environmental cues.**'°
Classically, there are two functional subsets for macrophages:
pro-inflammatory macrophages (M1) or anti-inflammatory
/regulatory macrophages (M2).'®!" M1 macrophages can pro-
duce pro-inflammatory cytokines such as TNF-a, IL-6, IL-1p,
and reactive oxygen (ROS). In contrast, M2 macrophages
highly express M2-associated anti-inflammatory cytokines,
such as IL-10 and transforming growth factor-$ (TGF-f).
M1 macrophages contribute to the pathogenesis of the inflam-
matory and degenerative diseases, they can also protect the
host from infection. In contrast, M2 macrophages play an
important role in suppressing the action of effector T cells to
limit the amplification of inflammation, and, finally, are also
beneficial for tissue repair.'* Therefore, it is essential to coor-
dinate the polarization of macrophage response in order to
maintain the immunity and organism homeostasis.
Understanding the molecular signals which drive macrophage
polarization may give new clues to a variety of immunophy-
siological and pathological processes.

Monomeric CRP (mCRP) can be dissociated from its
pentamer (pCRP) after binding to activated platelets, apop-
totic/necrotic cells, or microparticles (MPs).'*'* However, it
has distinct antigenicity-expressing neoepitopes differing
from pCRP. This conformation rearrangement results in sig-
nificant changes different from the biological activities of

CRP.">'® Furthermore, mCRP is reported to be involved in

inflammatory events that may directly lead to atherosclerotic
formation, ischemia/reperfusion injury, or acute myocardial
infarction.'>'”'® Monomeric CRP induces endothelial dys-
function, which also induces pro-inflammatory cytokine
release from human monocytes.'*'® However, there are
few data examining the direct effect and its possible signal
pathways of mCRP on macrophage phenotype polarization
and its pathophysiological functions after acute myocardial
infarction. In the present study, we examined the hypothesis
that mCRP may play a pro-inflammatory role on macrophage
polarization and therefore impair the repair of the infarct
myocardial after acute myocardial infarction.

Materials and Methods

Reagents

Recombinant human mCRP (>95% purity) with both
cysteine residues mutated to alanine residues and with an
added N-terminal formylmethionine residue was con-
structed and expressed in Escherichia coli as previously
described and was decitraconylated by sequential
dialysis."” The mCRP preparation were characterized
extensively by antigenicity detection with specific mAb
and 1/20 SDS-PAGE as we previously reported'® ensure
its complete function and uniform structure showing no
cross-contamination. Protein solutions were dialyzed to
remove NaN3 and then passed through Detoxi-Gel col-
umns (Pierce, Rockford, IL, USA) to remove endotoxin.

The inhibitors, including CAPE (NF-kB inhibitor), and
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SP600126 (JNK inhibitor) were purchased from Selleck
chem (Houston, TX, USA). The fluorescein-conjugated
anti-mouse mAbs (F4/80-PE, CD11¢-FITC and CD206-
APC) and their respective isotype controls were from
eBiosience (San Diego, California, USA). Phorbol-
myristate-acetate (PMA) and M-B-CD were purchased
from Sigma-Aldrich (St Louis, MO, USA).

Cell Culture and Macrophages

Generation

The THP-1 cell lines were obtained from the American
Type Culture Collection and grown in DMEM (Life
Technologies) containing 10% (v/v) heat-inactivated FBS.
Then cells were primed to MO macrophages by PMA (100
ng/mL) for 72 h as previously described.”’ Macrophages
were exposed to serum free medium for 12 h, and then
incubated with mCRP to final concentration of 50 pg/mL
for 24 h. To further analyze whether JNK or NF-«B signals
are involved in mCRP-induced macrophage polarization,
CAPE (a NF-kB inhibitor, 10 pM)zl or SP600125 (a INK
inhibitor, 10 uM)** were cultured with macrophages for 24
h to inhibit the activities of INK or NF-kB, respectively. In
addition, M-B-CD (lipid rafts disrupter, 5 mM)** was added
for 1 h before being co-cultured with mCRP.

RNA l[solation and Quantitative RT-PCR
The total RNA was isolated using the TRIzol reagent
(Invitrogen, US) in accordance with the manufacturer’s
instruction. The expression of target mRNA was quantita-
tively detected by two-step quantitative real-time PCR
(Vazyme, Nanjing, China). The glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) was used as endogenous
control, and the relative expression levels of target genes
were determined by applying the DD cycle threshold
method. All of the primers are listed in Supplementary
Materials, Table 1.

Mouse Peritoneal Macrophages Isolation

All animal experiments were conducted in accordance with
the National Institutes of Health Guide for the Care and Use
of Laboratory Animals, and approved by the Animal Care
and Use Committee of Nanjing Medical University
(IACUC2003013). C57BL/6 female mice (6-8 weeks old,
~20 g) purchased from Cavens experimental animal co. Ltd
(Changzhou, China) were injected intraperitoneally with
sterile Brewer-thioglycollate medium (2 mL, 4% w/v).
At day 3 post-thioglycollate injection, the mice were

randomly divided into different groups (n = 4). A total
volume of 0.2 mL mCRP storage buffer (control), mCRP
(2.5 mg/kg) and SP600125 (15 mg/kg)*® with/without mCRP
was then injected i.p. for 24 h, respectively (peritoneal).
Before the mice were sacrificed, the peritoneal macrophages
were harvested by peritoneal lavage with 10 mL sterile ice-
cold PBS. Peritoneal fluid was collected and the levels of
cytokines in peritoneal were then measured by ELISA.

Myocardial Infarction Surgical Procedure
ICR male mice were purchased from the production
department of Nanjing Medical University (Nanjing,
China). Mice were subjected to MI via occlusion of the
left anterior descending coronary artery as previously
described.** In general, 8-week-old mice were anesthe-
tized with 5% isoflurane and placed in a supine position
on a heating pad, ventilated by a volume-controlled venti-
lator with 2.4% isoflurane. Then, the chest wall was
shaved and a left thoracotomy was performed, a 60 silk
ligature was threaded through the left coronary artery for
approximately 2—3 mm and myocardial ischemia was
initiated by complete ligation of the left ascending
(LAD) coronary artery. Mice with mere thoracotomy
were treated as the sham group. SP600125 (15 mg/kg)
and mCRP (2.5 mg/kg) were given at 45 min before
coronary artery ligation. Saline in equal volume was
injected into the caudal vein as vehicle.

Flow Cytometry

Cells were washed in ice-cold flow cytometry buffer (2%
[v/v] FCS and 2 mM EDTA in PBS, pH 7.5), and then
incubated with fluorescent labeled antibodies for 30 min
and washed with buffer 3 times after blocking the unspe-
cific binding. Appropriate isotype controls were used when
necessary. After gated by forward and side scatter, F4/80+
cells were further chosen for analysis. Anti-mouse FITC-
CDl1l1c, and APC-CD206 antibodies were then used to
from gated F4/80+
macrophages.”>® Data were collected by a FACSCalibur

analysis the M1 macrophages
flow cytometer (BD Biosciences) and analyzed with
FlowJo software (Tree Star).

Determination of Cytokine Levels

The levels of TNF-a and IL-1B in the supernatants or
peritoneal fluids were determined by ELISA (R&D
Systems, Minneapolis, MN) with the manufacturer’s
instructions.

Journal of Inflammation Research 2021:14

7055

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=316816.docx
https://www.dovepress.com/get_supplementary_file.php?f=316816.docx
https://www.dovepress.com
https://www.dovepress.com

Zha et al

Dove

Echocardiographic Examination

Echocardiographic examination was conducted to evaluate the
left ventricular systolic function In brief, on day 7 after occlu-
sion, the heart tissues were viewed in the short-axis with
M-mode VEVO 2100 system (Visual Sonics, Toronto, ON,
Canada). Conventional measurements of the LV included left
ventricular end-systolic diameter (LVESD), left ventricular
end-diastolic diameter (LVEDD), ejection fraction (EF) and
fractional shortening (FS). EF (%) = (LVEDV-LVESV)/
LVESVx100%; FS (%) = (LVEDD-LVESD)/LVESDx100%.

Triphenyltetrazolium Chloride (TTC)
Staining

The ratio of cardiac infarct size was assessed via TTC staining
as previously described.?” The mouse heart was harvested at 7
d after MI. After being washed with saline, the heart tissues
were frozen and cut into five slices, then stained in 1% TTC
for 8—10 min and fixed in 4% (w/v) paraformaldehyde for 30
min. The infarct area was characterized as a white region and
size ratio was assessed using Image J software.

Hematoxylin-Eosin (H&E) Staining

Mice were euthanized on either 7 d or 21 d after the surgical
procedure. Cardiac tissue samples were dehydrated,
embedded in paraffin and cut into 5-um thick sections.
Paraffin-embedded sections were stained with hematoxylin
for 5 min followed by 1% acid ethanol (1% HCI in 70%
ethanol) and then rinsed in distilled water, stained with eosin
for 3 min and re-immersed in alcohol and xylene. Finally, the
sections were imaged under a light microscope and assessed

for gross myocyte injury and the effects of interventions.

Masson Staining

Mice Hearts were harvested on 21 d after MI. The tissues
were simply trimmed to dissociate the upper part of ligation
and immersed in 4% paraformaldehyde for 48 h at 4 °C.
After dehydration through alcohol gradient, the samples were
embedded in paraffin wax and cut into 5 mm thick sections.
Slices then were stained for collagen fibers with Masson’s
Trichrome staining. In Masson-stained sections, myocardial
cells were stained red while collagen was stained blue. The
photographs were taken with a light microscope.

Western Blotting Analysis

Western blotting analysis was performed as previously
described®® using anti-p-JNK (Thr183/Tyr185,4668S, CST,
America), anti-JNK (66210-1-Ig, Proteintech, America),

anti-ASK1 (3762S, CST, America), and anti-Smad2/3
(8685S, CST, America) antibodies. Mouse monoclonal anti-
GAPDH antibody (Cat No. 60004-1-Ig,
America) was used as the internal control.

Proteintech,

Statistical Analysis

All data are presented as independent mean + standard
deviation unless otherwise indicated. Results were ana-
lyzed with unpaired #-test within 2 groups if both groups
were normally distributed. The statistical significance of
the differences between 3 or more groups was analyzed
through the one-way analysis of variance (ANOVA), fol-
lowed by multiple comparison test. A p value <0.05 was
considered to be statistically significant. All of the calcula-
tions were performed using the SPSS 20.0 for Windows
(SPSS Inc, Illinois, USA) and GraphPad Prism 8 software.

Results
mCRP Primed Macrophages to

Pro-Inflammatory Phenotype

After incubation for 24 hours, mCRP resulted in signifi-
cantly increased pro-inflammatory macrophage associated
gene expression of IL-1f, TNF-a, CD40 and CD80
(Figure 1A, B and Supplementary Figure 1) as well as in
protein level measured by ELISA (Figure 2A and B).
with mCRP further
a significant pro-inflammatory M1 phenotypic macrophage

Peritoneal treatment primed
when measured by flow cytometry (Figure 3A-C).
administrating mCRP further

increased the level of IL-1 B and TNF-a in cultured super-

Likewise, significantly
natants (Figure 4A and B). Interestingly, the anti-
inflammatory macrophage associated genes such as
CD206 and CD200R did not show any substantial changes
when incubated with mCRP (Supplementary Figure 2).
Taken together, these data might indicate that mCRP
plays a role in determining macrophage skewing to pro-

inflammatory phenotype.

mCRP Primed Macrophages to M|
Phenotype via Activation of the JNK
Pathway

We then explored the possible mechanism underlying
macrophage polarization by mCRP. Macrophages were
exposed to serum free medium for 12 h, and then incu-
bated with mCRP with or without the inhibitors, respec-
tively, for 24 h. Because NF-kB signaling pathway was
involve in pCRP

reported to induced macrophage
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Figure | Effects of mCRP and the inhibitors in the expression of (A) IL-18 and (B) TNF-a in cultured macrophages. The mRNA expression of IL-1 and TNF-a in the THP-
I cells incubated with mCRP (50 pg/mL) for 24 h was blocked by the JNK inhibitor (SP600125,10 pM) instead of the NF-kB inhibitor (CAPE, 10 pM) and lipid rafts disrupter

(M-B-CD, 5 mM). Data are represented as mean * SD, *p<0.05.
Abbreviation: NS, not significant.
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Figure 2 Effects of mCRP and the inhibitors on the protein levels of (A) IL-1B and (B) TNF-a in cultured macrophages measured by ELISA. The protein levels of IL-1f and
TNF-a in the supernatant of cultured THP-1 cells incubated with mCRP (50 pg/mL) for 24 h was blocked by the JNK inhibitor (SP600125, 10 M) instead of the NF-«xB
inhibitor (CAPE, 10 uM) and lipid rafts disrupter (M-B-CD, 5 mM). Data are represented as mean * SD, *p<0.05.

Abbreviation: NS, not significant.

polarization, CAPE was used to inhibit the activation of
NF-xB to see if they share the same signaling pathway.
However, the levels of M1 signature biomarkers of M1
macrophages did not change significantly in mCRP treated
macrophages when CAPE was administrated to the cells.

In contrast, the JNK inhibitor, SP600125 markedly inhib-
ited the production of M1 associated biomarkers including
TNF-a and IL-1B both in mRNA and protein levels
induced by mCRP in cultured cells. (Figure 1A, B and
Supplementary Figure 3).
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Figure 4 Effects of mCRP and the JNK inhibitor, SP600125 on the protein levels of (A) IL-1B and (B) TNF-a in mice peritoneal fluids measured by ELISA. The protein levels
of IL-IB and TNF-a in the peritoneal fluid stimulated by mCRP (2.5 mg/kg) for 24h was blocked by the JNK inhibitor (SP600125, 10 uM). n = 3 per group. Data are
represented as mean + SD, *p<0.05.

Abbreviation: NS, not significant.

To further analyze whether JNK signals are involved in  in Figure 3, peritoneal treatment with SP600125 caused
mCRP-induced macrophage polarization, SP600125 was a substantial decrease of peritoneal pro-inflammatory
used to inhibit the activation of JNK in vivo. As shown macrophages when compared to the mCRP group. To
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gain insights into the mechanisms involved in mCRP-
induced JNK activation in macrophages, we examined
the expression of JNK, its phosphorylation form p-JNK
and signaling molecules downstream and upstream of
JNK. Of note, the expression of phosphorylated JNK, as
detected by phospho-specific antibody recognition of the
Thr183/Tyr185 site of INK (p-JNK Thy183/Tyr 185) was
substantially increased upon the stimulation of mCRP both
in vivo and in vitro, which was downregulated by the JNK
inhibitor, SP600125 (Figure 5A, B, D and E). Therefore,
we revealed a selectively enhanced activation of JNK
pathway caused by mCRP, which was most likely respon-
sible for the skewing of proinflammatory macrophage
development. Since ASK1 is the most common upstream
molecular of JNK pathway, we subsequently detected the
expression of ASK1 after mCRP incubation in macro-
phages. However, the protein level of ASK1 did not
change with mCRP stimulation, indicating that ASKI1

may not be involved in mCRP-induced macrophage polar-
ization (Figure 5A and C).

Furthermore, as lipid rafts were reported to play an
important role in mCRP-induced pathological functions
in platelet and endothelial cells, we then evaluated the
role of lipid rafts in mCRP induced macrophage polariza-
tion by incubating the cells with the lipid rafts disrupter,
M-B-CD. However, even 5 mM of M-B-CD caused no
significant changes in the production of IL-18 and TNF-a
induced by mCRP (Figures | and 2).

mCRP Impairs Myocardial Repair After
Acute Myocardial Infarction by Polarizing
Macrophage to Pro-Inflammatory
Phenotype

Macrophage polarization is a common event after MI,
whereas macrophage phenotypes control the cardiac
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Figure 5 Effects of mCRP and the JNK inhibitor; SP600125 on the protein levels of JNK signaling pathway. (A) Representative images of p-JNK, JNK, and ASKI in THP-I
cells incubated with mCRP (50 pg/mL) and/or JNK inhibitor (SP600125, 10 uM) for 8 h. (B and C) Quantitative analysis of p-JNK, and ASK1 in cultured THP-I cells. (D)
Representative images of p-JNK, JNK, and Smad2/3 in infarcted myocardium 7 days after myocardial infarction. (E and F) Quantitative analysis of p-JNK, and Smad2/3 in the
infarcted area in mice. n = 3 per group. Data are represented as mean * SD, *p<0.05.
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function recovery and the degree of cardiac damage and
repair.zg We, therefore, investigated whether mCRP affects
macrophage polarization and its impact on cardiac func-
tion in vivo after MI. We initially examined the cardiac
function in mCRP treated and control mice at baseline and
l-week post MI wusing echocardiographic analysis.
Compared to the MI control, LVEF in mCRP-treated
mice was substantial reduced from an average of 58.2%
to 45.49% (12.7% reduction compared to baseline) post-
MI. In contrast, we observed increased LVEF in mice
when JNK inhibitor, SP600125 was simultaneously admi-
nistrated with mCRP, from 45.49% in mCRP group to
60.52% post-MI (Figure 6A and B). Consistently, The FS
of each group showed similar changes to LVEF
(Figure 6C). Likewise, TTC staining further revealed that
significant larger infarcted area in mCRP group than in MI
group (34.47% vs 23.28% p < 0.05), and those detrimental
effects of mCRP could be reversed by JNK inhibitor,
SP600125 (Figure 6D and E).

Next, we investigated whether JNK signaling pathway is
involved in the impairment of cardiac function in mCRP
mice after MI and whether its impairment is due to changes
day 7 post-MI,
a significantly increased phosphorylated level of JNK

in macrophage subpopulation. At
(Thr183/Tyr185) was observed in the infarcted area of mice
administrated with mCRP. Likewise, SP600125 inhibited the
level of p-JNK increased by mCRP in the infarcted myocar-
dium (Figure 5D and E). H&E examination further demon-
strated that significantly more numbers of infiltrated
inflammatory cells appeared in the infarcted myocardium of
mice administrated with mCRP in comparison to the mice
only with MI procedure at day 7 post-MI. Surprisingly, more
infiltrated inflammatory cells remained in the infarcted myo-
cardium in the mCRP group at day 21 post-MI, indicating the
prolonged inflammatory duration caused by mCRP after MI
(Figure 7A). However, when pretreated with SP600125, not
only the infiltrated inflammatory cells but also the number of
pro-inflammatory macrophages in infarcted myocardium
decreased significantly compared with the mCRP group
(Figure 7A). Consequently, Masson trichromatic staining at
21-days after MI showed more collagen fiber deposition in
the infarcted area in the mCRP group compared with the
control MI group, and SP600125 further reduced mCRP-
induced collagen deposition in infarcted myocardium
(Figure 7B). Interestingly, the level of smad2/3 increased
significantly in the infarcted myocardium 7-days post-MI in
the mCRP group, further indicating the over-activation of
inflammation by mCRP

after myocardial infarction.

However, the expression of smad2/3 decreased significantly
when the mice were pre-administered with sp600125 30 min
before the myocardial infarction (Figure 5D and F).

Discussion

Macrophages are extremely heterogeneous displaying both
pro- and anti-inflammatory functions. Specific stimuli from
both endogenous and exogenous environments are essential
for functional phenotypic macrophages.*® Previous studies
indicated that pro-inflammatory to anti-inflammatory pheno-
typic shift in the macrophage population plays a key role in
the process of cardiac repair after an acute myocardial infarc-
tion (AMI).*'®3! Moreover, some molecules are reported to
have the ability to prime the macrophages from M1 to M2.*'
Therefore, understanding the potential molecules and the
underlying mechanisms of this macrophage phenotypic plas-
ticity may be beneficial for the treatment of AMI.

In the present study, we investigated the effects of
mCRP on macrophage phenotypes, its underlying molecu-
lar mechanisms and its consequent pathological function
in the repairing of myocardium after MI. Our results high-
lighted that mCRP promotes pro-inflammatory macro-
phage development in cultured macrophages. We further
analyzed the phenotype of peritoneal macrophage in vivo.
We found that mCRP significantly upregulated the number
of pro-inflammatory macrophages and the expression of
pro-inflammatory profiling biomarkers such as TNF-a and
IL-1B in the peritoneal fluid. The importance of this find-
ing is highlighted by the findings that mCRP was involved
in the pathological process after acute myocardial
infarction.'**' We and other studies further illustrated
that increased localization of mCRP was observed in
ischemic stroke or the infarcted myocardium after myo-
cardial infarction.'®3%33 Here, we further demonstrated
that mCRP increased and prolonged the duration of pro-
inflammatory cells in infarcted myocardium after MI
through the JNK pathway. In addition, this accentuation
and prolongation of the post-infarction inflammatory reac-
tion induced by mCRP impairs the reparative response
after acute myocardial infarction, which was evident by
significantly decreased left ventricular systolic function as
well as increased damage to the myocardium at 7 or 21
days after myocardial infarction. As increased and pro-
longed pro-inflammatory macrophage residual in infarcted
myocardium was reported to closely relate to the adverse

34

clinical outcomes,”” our results indicated that mCRP

delayed the process of the cardiac repair after MI, which
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Figure 6 Effects of mCRP and the JNK inhibitor (SP600125) on the cardiac function and infarct size in MI mice. (A) Representative long-axis or short-axis echocardiographic
images of mice at 7-days after myocardial infarction in each group. (B and C) Quantitative analysis of cardiac function of EF (%) and FS (%) in mice in each group. (D)
Representative TTC stained image of each mice group. The area at risk is stained as red and the infarcted myocardium is stained as white. (E) Quantitative analysis of ratio of

infarct size. n = 5-7 per group. Data are presented as mean % SD. *p<0.05 vs sham group; #p<0.05.
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may become a prognostic factor for the clinical outcome
of patients after myocardial infarction in the future.

As macrophage polarization involves the activation of
several transcription factors, the possible pathways in
mCRP-polarized M1 macrophages were then investigated
in this study. The JNK pathway plays an important role in
regulating the inflammatory cytokines expression through
phosphorylation of transcription factors.’® In addition,
macrophage-specific JNK-deficiency was reported to
cause reduced M1 differentiation.*® To investigate whether
the JNK pathway is involved in mCRP-induced macro-
phage polarization, JNK specific inhibitor, SP600125 was
used to study the role of a JNK signaling pathway in
macrophage subpopulation shifting after mCRP stimula-
tion. Our study demonstrated that mCRP activates JNK
signaling pathway by phosphorylation at Thr183/Tyrl85
sites, which subsequently polarizing macrophages to the
pro-inflammatory sub-phenotype both in vitro and in vivo.
When inhibited by the specific JNK inhibitor, a significantly
decreased proportion of pro-inflammatory macrophage and
the production of M1-related cytokines as well as down-
regulated phosphorylated JNK was observed both in vitro
and in vivo. Importantly, the deleterious effects of mCRP,
which augments inflammation and hinders subsequent
myocardial repair after myocardial infarction, were par-
tially ameliorated by the JNK inhibitor, suggesting the
role of the JNK pathway in the pathogenesis of mCRP-
induced cardiac remodeling. The JNK pathway was
reported to be essential for M1 macrophage polarization in
HFD-fed mice, and lack of JNK decreases the expression of

M1 phenotypic related genes and increased the M2 related
genes in adipose tissue macrophages.>’ Furthermore, NF-
kB pathway was also reported to be associated with pCRP-
induced M1 macrophage polarization,®® however, inhibi-
tion of NF-kB activation by its inhibitor had no effect on
the production of mCRP-induced M1-related cytokines in
our study. Therefore, our results may suggest that although
mCRP was the monomeric form of CRP, they shared dif-
ferent signaling pathways in showing the M1 macrophage
polarization bias. To sum up, our results demonstrated that
JNK activation is required for mCRP-induced M1 macro-
phage polarization.

It is still unclear how macrophages recognize mCRP
and dispense signals to its downstream signal molecules.
Therefore, we investigated the interaction of mCRP and
cell membranes. The lipid rafts were observed to be the
docking site for localizing and sensing mCRP’s signals to
downstream targets in platelets and endothelial cells.
However, the lipid rafts disrupter M-B-CD was not able
to block the mCRP-induced M1 macrophage polarization
in our study, indicating that the membrane docking site,
other than lipid rafts, may be involved in the mCRP
induced macrophage polarization.

Limitations

The limitation of this study is that we only focus on
studying the role of pro-inflammatory M1 phenotype
macrophages in myocardial repair after myocardial infarc-
tion. However, this definition may be an oversimplified
way to classify the phenotype of macrophages due to the
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phenotypic change of macrophages is a dynamic contin-
uous process. In addition, other inflammatory cells such as
neutrophils may also participate in the process of myocar-
dial inflammation and injury after myocardial infarction
caused by mCRP. Further studies such as macrophage
depletion experiments can further clarify the role of
macrophage on the process of mCRP caused myocardial
injury after myocardial infarction.

Conclusion

In conclusion, our data revealed a relationship between
mCRP and M1 macrophage polarization which is essential
for mediating accentuation and prolongation of the post-
infarction inflammatory reaction after myocardial infarc-
tion. As the specific stimuli are pivots for priming the
phenotype of the macrophage population, mCRP might
be a useful therapeutic target for the treatment of myocar-
dial infarction by blocking the mCRP effects and decreas-
ing the pro-inflammatory macrophage population. Hence,
it would be interesting to undergo further studies to inves-
tigate the role of mCRP in the treatment of acute myocar-
dial infarction.

Highlights

e mCRP aggravates myocardial injury after myocardial
infarction.

e mCRP polarizes macrophage to a pro-inflammatory
phenotype.

e mCRP primes macrophage to a pro-inflammatory phe-
notype through the JNK pathway.
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