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High-fat diet-induced LCN2 exacerbates myocardial
ischemia-reperfusion injury by enhancing platelet activation
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Abstract. Following acute myocardial infarction, the recovery
of blood flow leads to myocardial ischemia-reperfusion
(MI/R) injury, which is primarily characterized by the acti-
vation of inflammatory signals, microvascular obstruction,
increased oxidative stress and excessive Ca** overload. It has
also been demonstrated that platelets can exacerbate MI/R
injury by releasing reactive oxygen species, inflammatory
factors and chemokines, while also obstructing microvessels
through thrombus formation. As a bioactive molecule with
proinflammatory and chemotactic properties, lipocalin 2
(LCN2) exhibits a positive correlation with obesity, hyper-
glycemia, hypertriglyceridemia and insulin resistance index,
which are all significant risk factors for ischemic cardiomy-
opathy. Notably, the potential role of LCN2 in promoting
atherosclerosis may be related to its influence on the function
of macrophages, smooth muscle cells and endothelial cells,
but its effect on platelet function has not yet been reported.
In the present study, the effect of a high-fat diet (HFD) on
LCN2 expression was determined by detecting LCN2 expres-
sion levels in the liver and serum samples of mice through
reverse transcription-quantitative PCR and enzyme linked
immunosorbent assay, respectively. The effect of LCN2 on
platelet function was evaluated by examining whether LCN2
affected platelet activation, aggregation, adhesion, clot retrac-
tion and P-selectin expression. To determine whether LCN2
aggravated MI/R injury in HFD-fed mice by affecting platelet
and inflammatory cell recruitment, wild-type and LCN2
knockout mice fed a HFD were subjected to MI/R injury, then
hearts were collected for hematoxylin and eosin staining and
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2,3,5-triphenyltetrazolium chloride staining, and immunohis-
tochemistry was employed to detect the expression of CD42b,
Ly6G, CD3 and B220. Based on observing the upregulation of
LCN2 expression in mice fed a HFD, the present study further
confirmed that LCN2 could accelerate platelet activation,
aggregation and adhesion. Moreover, in vivo studies validated
that knockout of LCN2 not only mitigated MI/R injury, but
also inhibited the recruitment of platelets and inflammatory
cells in myocardial tissue following ischemia-reperfusion. In
conclusion, the current findings suggested that the effect of
HFD-induced LCN2 on aggravating MI/R injury may totally
or partially dependent on its promotion of platelet function.

Introduction

Acute myocardial infarction (AMI), also known as a heart
attack, is a major global cause of mortality, which is frequently
linked to conditions such as high cholesterol levels, high blood
pressure, smoking, diabetes, obesity, lack of physical activity,
metabolic syndrome and depression (1). In the case of AMI,
it is crucial to restore blood flow promptly to prevent loss of
heart function, decreasing the size of the damaged area and
improving overall clinical prognosis. However, reperfusion,
which occurs when the blood flow is restored, can actually
worsen the condition and cause additional damage to the heart;
this phenomenon is known as myocardial ischemia-reperfu-
sion (MI/R) injury (2). Common techniques for reconstructing
coronary arteries in AMI cases include percutaneous coronary
intervention and surgical coronary artery bypass grafting.
However, these methods do not offer significant benefits in
terms of reducing reperfusion injury. Currently, standard
medications, such as B-blockers, angiotensin-converting
enzyme inhibitors and statins, are administered post-reperfu-
sion (3). Nevertheless, these drugs do not effectively mitigate
myocardial injury by addressing the persistent risk factors that
induce myocardial ischemia and the activation of inflamma-
tory signals after ischemia. Researchers have recently focused
on investigating drugs that can alleviate the inflammatory
cascade in MI/R injury (4-7). However, these studies often
use young animals as subjects, which does not accurately
reflect the situation of MI/R injury in older individuals with
comorbidities such as diabetes, hypertension and metabolic
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syndrome (8). Therefore, the identification of more effective
strategies to control MI/R injury remains a challenging and
urgent task.

Platelets serve a crucial role in the entire process of isch-
emic heart disease, starting from the occurrence of ischemia
to reperfusion (9). Physiological platelet activators (thrombin
and thromboxin-A2) and external reactive oxygen species
(ROS) promote the activation of platelets through extracel-
lular signal-regulated kinase 5 after cardiac ischemia (10).
Additionally, platelets release chemokines that stimulate the
migration of leukocytes to the injury site within blood vessels,
thereby exacerbating inflammatory damage to the myocar-
dium. Presently, although the use of antiplatelet medications
has become a vital approach to prevent and manage coronary
artery disease (CAD), the mortality rate remains high (11,12),
which may be due to the fact that antiplatelet drugs cannot
directly eliminate the induction factors affecting platelet
hyperreactivity. Therefore, it is necessary to further investi-
gate the regulatory mechanisms that affect the enhancement
of platelet reactivity, which may result in the development of
more efficient antiplatelet drugs capable of achieving a balance
between the antithrombotic effect and other complications,
including excessive bleeding.

Lipocalin 2 (LCN?2), originally considered to be a 25-kDa
glycoprotein isolated from human neutrophilic granulocytes,
is expressed in various tissues, including the liver, lung
and kidney (13,14). LCN2 has also been detected in human
atherosclerotic tissues, and it has the ability to upregulate the
production of interleukin (IL)-6, IL-8 and MCP-1 in macro-
phages, endothelial cells and smooth muscle cells (15). In
addition, LCN2 may have a significant impact on the develop-
ment of metabolic syndrome (16). Notably, obese patients have
been shown to exhibit increased mRNA and protein expres-
sion levels of LCN2 in their visceral adipose tissue compared
with in lean subjects (17). Moreover, serum levels of LCN2
have been reported to be positively associated with obesity,
hyperglycemia, hypertriglyceridemia and insulin resistance
index (18-20), all of which are crucial risk factors for ischemic
cardiomyopathy. Numerous studies have confirmed the crucial
involvement of LCN2 in cardiovascular diseases. For example,
the knockout of LCN2 in mice with myocardial ischemia has
been shown to lead to a reduction in cardiac dysfunction (20).
Nonetheless, it remains uncertain whether LCN2 directly
affects platelet activation to regulate the occurrence of MI/R
injury.

The present study aimed to investigate the potential exac-
erbating effect of high-fat diet (HFD)-induced LCN2 on MI/R
injury through its impact on platelet function. To verify the
hypothesis, a series of experiments were carried out. Firstly,
the expression patterns of LCN2 in the liver and serum of
mice subjected to a HFD were assessed by comparing them
to mice not exposed to a HFD. Secondly, the effects of LCN2
on various aspects of platelet activity, including activation,
aggregation, adhesion and plaque contraction, were exam-
ined. Finally, a MI/R injury model were established in both
wild-type (WT) and LCN2 knockout (LCN2") mice after
HFD feeding, in order to assess the extent of MI and evaluate
the recruitment of platelets, neutrophils, T cells and B cells
in the heart using immunohistochemistry to detect CD42b,
Ly6G, CD3 and B220 expression.

Materials and methods

Establishing a mouse model of obesity. The animal experi-
mental center at Guizhou Medical University (Guiyang,
China) was responsible for raising mice under controlled
conditions, namely a constant temperature of 22-24°C, a
relative humidity of 55-60% and a 12-h light/dark cycle.
The experimental procedures were approved by the animal
experiment ethics committee of Guizhou Medical University
(approval no. 2100328). To determine the effect of a HFD
on LCN2 expression, male C57BL/6J WT mice (Cyagen
Biosciences Inc.; weight, 18-20 g; age, 6 weeks) were fed
either a HFD (60% kcal from fat; D12492 formula; Research
Diets, Inc.) or normal chow diet for 24 weeks, and then blood
and liver samples were collected to detect LCN2 expression.
These mice (n=5/group) were given free access to food/water.
To investigate the effect of LCN2 gene knockout on MI/R
injury in HFD-fed mice, male WT and LCN2” mice (Cyagen
Biosciences Inc.; weight, 18-20 g; age, 6 weeks) were fed a
HFD for 24 weeks, and then underwent MI/R injury or sham
surgery. The mice were divided into the following four groups:
WT + HFD + sham, WT + HFD + I/R, LCN2" + HFD +
sham and LCN2” + HFD + I/R. The hearts (n=5/group)
collected from the four groups underwent hematoxylin and
eosin (H&E) staining. The degree of MI in the hearts of the
four groups was assessed through TTC staining (n=5/group).
Immunohistochemistry was performed to assess the expres-
sion of CD42b in the hearts collected from the four groups
(n=5/group). In addition, immunohistochemistry was employed
to detect the recruitment of Ly6G*, CD3* and B220* cells in
the myocardial tissues collected from the mice in the WT +
HFD + I/R and LCN2" +HFD + I/R groups (n=5/group).

Identification of mouse genes. Cyagen Biosciences, Inc.
provided C57BL/6J mice with a background that lacked the
LCN2 gene (LCN2"). Mouse tail genomic DNA was extracted
using lysis buffer (cat. no. GD01-02; Bioland Scientific LLC)
from mouse tail tissue, which was mixed with DNA stabili-
zation buffer. PCR was then conducted using the 2X Es Taq
Master Mix (cat. no. CW0690M; Jiangsu CoWin Biotech Co.,
Ltd.), as follows: 35 cycles of 94°C for 30 sec, 60°C for 30 sec
and 72°C for 30 sec. The following PCR primers were utilized:
LCN2, forward (F) 5'-CAACTCAGAACTTGATCCCTG
CC-3' and reverse (R) 5"TTTCCCTAAGTCCCGTTCAAT
CC-3'. Agarose gel electrophoresis (2%) was used to determine
the size of the PCR products and the gels were stained with
nucleic acid dye SuperRed/GelRed (cat. no. BS354A; Biosharp
Life Sciences). For WT mice, a PCR product of 1,287 bp was
generated. By contrast, a PCR product of 586 bp was generated
for LCN2" mice.

Establishment of a MI/R injury model in mice. Male mice
were anesthetized by intraperitoneal injection of Avertin
(1.25%, 250 mg/kg) (cat. no. BR4108423; Bioleaper). After
anesthesia, the animals naturally laid down; their head, limbs,
tail and whiskers did not respond to touch, their heartbeat and
breathing were uniform in a supine position, and their muscles
were relaxed. These signs indicated full anesthesia and that
the subsequent experimental operations could be carried out.
The tongue was pulled out with tweezers and endotracheal
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intubation was performed through the glottis. A 1.5-cm inci-
sion was made at the intersection of the skin between the left
midclavicular line and the fourth intercostal space in mice, and
hemostatic forceps were used to stretch the fourth intercostal
space to expose the heart. The left anterior descending (LAD)
coronary artery was identified, and a 1.5-mm suture was
made at the lower margin of the left auricle through the LAD
coronary artery and tied into a knot. In addition, the sham
operation group underwent the same procedure with the suture
passing under the LAD branch, but without binding.

H&E and TTC staining. Mice were intraperitoneally injected
with 1% pentobarbital sodium (150 mg/kg) and were sacrificed
by cervical dislocation. Death was verified by the absence of
a heartbeat and dilated pupils. Liver and heart samples were
then obtained and fixed with 4% paraformaldehyde (cat.
no. P0099; 100 ml; Beyotime Institute of Biotechnology) for
24 h at room temperature. The liver and heart tissues were
then dehydrated, embedded in paraffin and sliced into 5-ym
sections. These tissue sections were placed onto slides and
subjected to dewaxing before staining with the H&E staining
kit (cat. no. CO105M; Beyotime Institute of Biotechnology).
The staining procedure was carried out according to the
manufacturer's instructions at room temperature, with hema-
toxylin staining performed for 6 min and eosin staining for
1 min. The degree of MI was assessed through TTC staining
(cat. no. T8170; Beijing Solarbio Science & Technology Co.,
Ltd.) according to the manufacturer's instructions. Images of
the tissue sections were captured using an optical microscope
(801; Nikon Corporation).

Immunohistochemistry. The heart tissues of mice collected
from different treatment groups were fixed with 4% parafor-
maldehyde solution for 24 h and dehydrated in an ascending
series of alcohol at room temperature. After permeabilization
with xylene for 30 min, heart tissues were then embedded in
paraffin and sliced into 5-um sections. These tissue sections
were attached to slides and dewaxed with xylene. For antigen
retrieval, they were placed in dyeing tanks containing citrate
buffer, and were boiled in a pressure cooker for 15 min. To
inhibit the activity of endogenous peroxidase, a 3% solu-
tion of hydrogen peroxide was applied for 10 min at room
temperature. The heart tissue sections were then blocked
with goat serum (cat. no. SAP-9100; Beijing Zhongshan
Jingiao Biotechnology Co., Ltd.) at 24°C for 30 min, and were
subsequently incubated with primary antibodies [anti-CD42b
antibody (1:200; cat. no. ab183345; Abcam), anti-CD3 antibody
(1:200; cat. no. abl6669; Abcam), anti-B220 antibody (1:200;
cat. no. ab10558; Abcam) and anti-Ly6G antibody (1:200; cat.
no. ab238132; Abcam)] at 4°C for 12 h, followed by incubation
with a horseradish peroxidase (HRP)-IgG secondary antibody
(1:50; cat. no. A0208; Beyotime Institute of Biotechnology) at
24°C for 60 min. The expression of specific proteins in the heart
tissues was visualized using DAB staining. Images of the tissue
sections were captured using an optical microscope (80i; Nikon
Corporation). Three visual field images of the infarct area were
obtained from each histochemical section. The DAB-positive
cell number in each image was manually counted by ImageJ
(version 1.8.0; National Institutes of Health), and the mean
value was defined as the positive cell number in the section.
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Platelet separation. All blood samples used in the present
study were obtained from healthy volunteers (age, 18-26 years)
who provided written informed consent. Blood samples
were collected from 18 volunteers, including 10 men and 8
women, with an mean age of 24 years, between March 2021
and March 2023. The Human Ethics Committee of Guizhou
Medical University approved the experimental procedures
[(approval no. 2021 (35)]. The collected blood was stored in a
VACUETTE® vessel and mixed with 0.109 M sodium citrate
at a ratio of 9:1. Subsequently, centrifugation at 120 x g for
20 min at 25°C was conducted to obtain the washed platelets
for further experiments.

ELISA. After mice were intraperitoneally injected with 1%
pentobarbital sodium (150 mg/kg), the blood serum was
obtained by centrifuging blood samples (150 ul) collected
from the tail veins of mice at 3,000 x g for 15 min at room
temperature. The serum LCN2 levels were determined using a
mouse ELISA kit (cat. no. ab199083; Abcam) according to the
manufacturer's instructions.

Detection of platelet aggregation, activation and
adhesion. Platelets were exposed to LCN2 (2 ug/ml; cat.
no. 1757-LC-050; R&D Systems, Inc.) for 5 min at 37°C, and
were then stimulated with thrombin (0.04 U/ml; cat. no. T6884;
Sigma-Aldrich; Merck KGaA), collagen (1 ug/ml; cat. no. P/N
385; Chrono-Log Corporation) or adenosine diphosphate
(ADP; 2.5 uM; cat. no. A2754; Sigma-Aldrich; Merck KGaA)
for 5 min at 37°C. An equivalent volume of normal saline was
used as a vehicle. Aggregation of platelets was then assessed
using an aggregator (Model 700; Chrono-Log Corporation),
while constant stirring was maintained at a rate of 1,200 rpm
for 5 min. The expression levels of P-selectin were analyzed by
performing flow cytometric analysis. Platelets were stimulated
with or without LCN2 (2 ug/ml; cat. no. 1757-LC-050; R&D
Systems, Inc.) for 5 min at 37°C, and were then exposed to
thrombin for 5 min at 37°C; untreated platelets were used as
a control. After incubating with FITC-conjugated P-selectin
antibodies (0.2 ug/ml; cat. no. ab33279; Abcam) for 20 min at
37°C, the expression of P-selectin on the platelet surface was
detected by flow cytometry (CytoFLEX S; Beckman Coulter,
Inc.). Flow cytometry data were analyzed using CytExpert
software (version 2.3.1.22; Beckman Coulter, Inc.).

To investigate the adhesion of platelets, cellular cover-
slips were categorized into three distinct groups: The first
group was coated with 1% bovine serum albumin (cat.
no. A8020; Beijing Solarbio Science & Technology Co., Ltd.)
for 1 h at 20°C and subsequently incubated with non-treated
platelets (2x107). The remaining two groups were coated
with 5 ug/ml collagen for 14 h at 4°C, and incubated with
2 ug/ml LCN2-stimulated platelets (2x107) and unstimulated
platelets (2x107) at 37°C. After a 45-min incubation, the
platelets were stained with iFluor™ 680-phalloidin (1 pg/ml;
cat. no. 40788ES75; Shanghai Yeasen Biotechnology Co.,
Ltd.) for 25 min at 37°C, and the adhesion of platelets was
observed using a fluorescence microscope.

Assessment of clot retraction. Platelets were incubated with or
without LCN2 (2 pg/ml) for 5 min at 37°C, and subsequently
stimulated with thrombin (0.4 U/ml) at 37°C. The process of
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clot retraction was monitored and recorded at intervals of O,
20, 40 and 60 min after thrombin stimulation by capturing
images of platelet clots.

RT-qPCR. Liver tissues were collected for extraction of total
RNA using a DNA/RNA co-extraction kit (cat. no. DP422;
Tiangen Biotech Co., Ltd.). Subsequently, cDNA synthesis was
carried out using the FastKing gDNA Dispelling RT SuperMix
(cat. no. KR118; Tiangen Biotech Co., Ltd.) according to the
manufacturer's instruction. PCR was performed according to
the protocol specified by the manufacturer of FastFire qPCR
PreMix (SYBR Green) (cat. no. FP207; Tiangen Biotech Co.,
Ltd.). The qPCR program consisted of an initial phase of
pre-denaturation at 95°C for 1 min, followed by 40 cycles at
95°C for 5 sec, 55°C for 10 sec and 72°C for 15 sec. For the
expression analysis of the target genes, GAPDH was employed
as the internal reference for normalization. The primer
sequences were as follows, LCN2, F 5~ AAGGCAGCTTTA
CGATGT-3", R 5"TGGTTGTAGTCCGTGGTG-3'; GAPDH,
F 5-GCACAGTCAAGGCCGAGAAT-3" and R 5-GCCTTC
TCCATGGTGGTGAA-3'. Data were normalized to GAPDH
levels as a reference. Subsequently, the gene expression levels
were calculated using the 2244 method (21).

Statistical analysis. The data were analyzed using GraphPad
Prism v5.01 (Dotmatics), and the results are presented as
the mean + SEM derived from =3 independent experiments.
Differences between two groups were assessed using unpaired
Student's t-test, while differences among multiple groups were
determined by one-way ANOVA and Tukey's post-hoc test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

LCN?2 expression is increased in the liver and serum of mice
fed a HFD. Notably, LCN2 has been shown to be highly
expressed in adipose tissue, and to serve a role in both obesity
and obesity-related diseases (22,23). Considering that obesity
is an important risk factor for CAD and MI/R injury, a mouse
model of obesity was established in the present study through
the use of a HFD. The results revealed a significant increase in
the weight of the mice (Fig. 1A), as well as the accumulation
of large lipid droplets in their liver tissues (Fig. 1B) following
administration of a HFD. Additionally, a significant upregula-
tion of LCN2 levels was observed in both the liver (Fig. 1C)
and serum (Fig. 1D) of mice fed a HFD.

LCN2 potentiates platelet function. In cardiovascular
disorders, the formation of atherosclerotic plaques and
microthrombi are the consequences of platelet aggregation,
adhesion and activation (24). These processes also contribute
to the worsening of MI/R injury. Previous research has indi-
cated that endogenous proteins possessing pro-inflammatory
properties can enhance platelet hyperresponsiveness, and
exacerbate atherosclerosis and MI/R injury by promoting
platelet aggregation (25,26). The present study investigated the
effects of LCN2 on platelet function. When platelet agonists
(thrombin, collagen and ADP) were applied, incubation with
LCN2 promoted platelet aggregation (Fig. 2A). Additionally,
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Figure 1. Expression of LCN2 in the liver and serum of HFD-fed mice.
(A) Body weight was measured in mice that were fed a ND or HFD. (B) Liver
tissue was analyzed using hematoxylin and eosin staining to observe patho-
logical changes caused by a HFD. Lipid droplets were indicated by black
arrows. (C) Reverse transcription-quantitative PCR was performed to assess
the expression levels of LCN2 in the livers of mice who were or were not fed
a HFD. (D) Levels of LCN2 in the serum of mice who were or were not fed
a HFD were measured by ELISA. Data are presented as the mean + SEM
(n=5 mice/group). “P<0.05. HFD, high-fat diet; LCN2, lipocalin 2; ND,
normal diet.

compared with the untreated platelets, a higher number of
platelets adhered to collagen-coated coverslips following treat-
ment with LCN2 (Fig. 2B). Furthermore, it was observed that
LCN2-treated platelets had more pronounced clot retraction
(Fig. 2C) and higher expression of P-selectin (Fig. 2D) upon
stimulation with thrombin.

Effect of LCN2 knockout on MI/R injury in HFD-treated
mice. Obesity serves an important role in the development of
cardiovascular diseases. One of the main contributors to MI/R
injury in obese individuals is the increase in endogenous
bioactive molecules, which stimulate platelet activation (25).
The gene phenotypes of WT mice and LCN2” mice were
determined by PCR (Fig. 3A). For WT mice, a PCR product
of 1,287 bp was generated, whereas a PCR product of 586 bp
was generated for LCN2” mice. The PCR product of 586 bp in
LCN2" mice indicated that LCN2 was knocked out, whereas
the PCR product of 1,287 bp in WT mice indicated that LCN2
was not knocked out. These mice were then subjected to MI/R
injury or sham operation after being fed a HFD. Subsequently,
cardiac pathology was observed by H&E staining (Fig. 3B).
After sham operation, the myocardia of WT mice and LCN2"
mice were closely arranged, with normal structure and no
obvious inflammatory cell infiltration. WT mice and LCN2"
mice with MI/R injury exhibited notable histological features
of myocardial tissue injury and inflammatory cell infiltration.
In the case of MI/R injury, there was less structural damage
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Figure 2. Effect of LCN2 on platelet function. (A) After platelets were incubated with or without LCN2, they were further stimulated with ADP, thrombin or
collagen to detect platelet aggregation (5 platelet samples were collected from 5 volunteers). (B) After platelets from different treatment groups were incubated
on cellular coverslips for 45 min, they were stained with iFluor™ 680-phalloidin, and the adhesion of platelets was observed under a fluorescence microscope
(5 platelet samples were collected from 5 volunteers). (C) After incubation with or without LCN2, the platelets were stimulated with thrombin. Clot retraction
was observed after stimulation with thrombin for 0, 20, 40 and 60 min (5 platelet samples were collected from 5 volunteers). (D) Upon stimulation with or
without LCN2, the platelets were incubated with thrombin, and untreated platelets were used as a control. The expression of P-selectin on the platelet surface
was detected by flow cytometry (3 platelet samples were collected from 3 volunteers). Data are presented as the mean + SEM. "'P<0.05. ADP, adenosine

diphosphate; BSA, bovine serum albumin; LCN2, lipocalin 2.

to the myocardium and relatively less inflammatory cell infil-
tration in LCN2" mice compared with that in the WT mice
(Fig. 3B). TTC staining showed no obvious ischemic features
in the myocardia after sham operation in WT mice and
LCN2" mice. After MI/R injury, the myocardial infarct size
of LCN2” mice was smaller than that of WT mice (Fig. 3C).

Effect of LCN2 knockout on the recruitment of platelets and
inflammatory cells in the myocardial tissue of HFD-fed mice
subjected to MI/R injury. During MI/R injury, platelets tend
to form microthrombi within the microvessels of the heart
and worsen myocardial damage by releasing certain bioactive
molecules (24). Thus, the current study aimed to investigate
whether the absence of LCN2 affects the accumulation of

platelets induced by I/R injury in myocardial tissue. As shown
in Fig. 4A, the number of CD42b* platelets in myocardial
tissues was lower in LCN2"" mice compared with that in WT
mice following reperfusion post-ischemia. These findings
suggested that LCN2 induced by HFD may enhance platelet
accumulation in myocardial tissue during MI/R injury.
Notably, activated platelets form complexes with leukocytes
and adhere to microvessels within the heart, thereby exac-
erbating MI/R injury. Suppression of platelet activation can
reduce the recruitment of inflammatory cells in myocardial
tissue, ultimately mitigating MI/R injury (24,25). In the present
study, it was observed that LCN2 gene knockout decreased the
accumulation of Ly6G™* cells within the region of myocardial
injury induced by I/R, while having no significant impact on
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Figure 3. Effect of LCN2 knockout on MI/R injury in HFD-fed mice. (A) Mouse tails were utilized for DNA extraction, followed by PCR amplification and
electrophoresis. For WT mice, a PCR product of 1,287 bp was obtained; conversely, LCN2"" mice had a product of 586 bp. Subsequently, both WT and LCN2"
mice underwent MI/R injury and sham surgery after being fed a HFD. (B) Mouse hearts were procured for hematoxylin and eosin staining. (C) Degree of
infarction was assessed through TTC staining. Data are presented as the mean = SEM (n=5). "P<0.05. HFD, high-fat diet; LCN2, lipocalin 2; MI/R, myocardial
ischemia-reperfusion; TTC, 2,3,5-triphenyltetrazolium chloride; WT, wild-type.

the recruitment of CD3* or B220* cells (Fig. 4B). These results
indicated that LCN2 knockout might alleviate MI/R injury by
inhibiting platelet and Ly6G™* cell recruitment.

Discussion

In diseases related to obesity, an increase in platelet volume is
observed. Additionally, there is an increase in the expression
of thrombolane B2, prostaglandin F2, soluble P-selectin and
soluble CD40L. These changes occur due to continuous stimu-
lation from free fatty acids, oxidized low-density lipoprotein,
inflammatory cytokines, enhanced oxidative stress, elevated
stress proteins and other factors. Additionally, platelets release
a higher number of particles, indicating a hyperreactive
state (27-29). This hyperreactivity of platelets leads to their
adherence to damaged endothelial cells, which serves a role
in the development of atherosclerosis. Furthermore, activated
platelets secrete certain specific bioactive molecules, such
as myeloperoxidase and ROS, which participate in MI/R

injury (30-34). Therefore, understanding how obesity impacts
platelet function is crucial in identifying its role in exacer-
bating MI/R injury.

Currently, the focus of research on the impact of platelets
on MI/R injury lies primarily in the analysis of the active
molecules that are secreted during platelet activation, the
surface molecules of platelets and the increased expression of
endogenous bioactive molecules affecting platelet function.
A previous study confirmed a significant positive correlation
between plasma galectin-3 and platelet aggregation in patients
with CAD. Moreover, galectin-3 was found to enhance platelet
activation and thrombosis in animal models (25). Thus, the
present findings supplement the understanding of the involve-
ment of LCN2 in cardiovascular disease and contribute valuable
insights to clinical science. Currently, known antiplatelet drugs
do not aim to reduce the expression of endogenous molecules
that activate platelets (24). This particular phenomenon may
help to explain the uncertainty surrounding the efficacy of
antiplatelet drugs in MI/R treatment.
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Figure 4. Effect of LCN2 knockout on the recruitment of platelets and inflammatory cells in myocardial tissue after I/R injury in mice induced by a HFD.
(A) WT and LCN2" mice were administered a HFD, and were then subjected to MI/R injury. Immunohistochemistry was performed to assess the expression
of CD42b in the collected hearts. (B) WT and LCN2" mice were fed a HFD and were subjected to MI/R injury. Immunohistochemistry was then employed
to detect the recruitment of Ly6G*, CD3* and B220* cells in myocardial tissues. Data are presented as the mean + SEM (n=5). "P<0.05. HFD, high-fat diet;

LCN2, lipocalin 2; MI/R, myocardial ischemia-reperfusion; WT, wild-type.

The current research strategy was similar to that of
Chen et al. In this study, the endogenous molecule galectin-3
was found to enhance platelet function to aggravate MI/R
injury (25). Since a HFD, which is a risk factor of cardiovas-
cular disease, could induce an increase in LCN2 expression,
the present study further confirmed that LCN2 could promote
platelet aggregation, adhesion and plaque retraction through
in vitro experiments. These findings suggested that, similar

to the function of galectin-3, LCN2 may have a role in
enhancing platelet function. Subsequently, the current study
further explored whether LCN2 could enhance the local accu-
mulation of platelets in injured myocardium during MI/R in
HFD-treated mice, as platelet accumulation has been consid-
ered to be an important factor in exacerbating I/R-induced
myocardial injury. Under a HFD, the pathological damage of
myocardial tissues was significantly lower in LCN2" mice than
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in WT mice when suffering from MI/R injury. Furthermore,
fewer platelets accumulated in the injured myocardial tissues
of LCN2" mice, which indicated that LCN2 was an important
inducer of MI/R injury in HFD mice. Combined with the
in vitro evidence that LCN2 promoted platelet function, it was
hypothesized that HFD-induced LCN2 may aggravate MI/R
injury, which could be fully or partially dependent on the
enhancement of platelet activation and aggregation. In addi-
tion to the aforementioned results, it was observed that fewer
Ly6G™* cells, rather than CD3* and B220* cells, accumulated
in the injured myocardium of LCN2" mice when MI/R injury
occurred. A previous study reported that LCN2 can aggravate
psoriasis by inducing neutrophil chemotaxis and activa-
tion (35), and the present results also suggested that the effect
of LCN2 on neutrophil function may serve a role in promoting
MI/R injury. However, additional research is needed to fully
confirm these possible mechanisms.

LCN2 has previously been reported to be involved in heart
disease, as demonstrated by Jang et al (36). In this previous
study, a mouse model of cardiomyopathy was established using
adriamycin. Notably, it was observed that LCN2 knockout
mice experienced milder myocardial injury after adriamycin
induction, and this effect of LCN2 was related to its func-
tion of inhibiting autophagic flow. While the present study
supports the potential pro-atherosclerotic effects of LCN2,
specifically its regulatory function on platelets, it also raises
important scientific questions for further exploration. Firstly,
it is known that MI/R injury is a consequence of functional
changes in multiple cell types. Beyond cardiomyocytes and
cardiac microvascular endothelial cells, T helper (Th)17 cell
differentiation has been implicated in the MI/R process (37).
Notably, a previous study demonstrated that LCN2 exac-
erbated psoriasis-like skin inflammation by enhancing the
Th17 response (38), which suggests that LCN2 may poten-
tially worsen MI/R injury by enhancing the Th17 reaction.
Furthermore, LCN2 is capable of activating various signaling
pathways, including JAK/STAT and NF-«B, which have
important roles in MI/R injury (39,40). Therefore, it is worth
investigating whether LCN2 aggravates MI/R injury by influ-
encing the activation of these signaling pathways. Moreover,
potential receptors for LCN2, such as the glycoproteins GP330
and SLC22A17, have been identified (40). However, it remains
unclear whether these receptors are expressed in platelets and
whether LCN2 exerts its function through these receptors.
Finally, exploring the development of drugs that effectively
inhibit LCN2 function could lead to clinical applications for
improving MI/R injury. These scientific questions will be the
focus of further exploration in subsequent research.

In conclusion, the present study demonstrated that
HFD-induced LCN2 exacerbated MI/R injury by promoting
platelet activation, aggregation and adhesion.
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