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Abstract: Introduction: Chemokine-like factor 1 (CKLF1) is a chemokine that is overexpressed in several diseases. Our

previous findings revealed a significant increase in CKLF1 expression in the ischemic brain, suggesting its potential as a

therapeutic target for ischemic stroke.Methods: In this study, we examined the expression dynamics of CKLF1 in both in

vivo and in vitromodels of ischemic cardiac injury. Myocardial infarction (MI) was induced in vivo by ligation of the left

anterior descending artery (LAD) of the rat heart. The levels of CKLF1, Creatine Kinase MB Isoenzyme (CK-MB), and

Lactate dehydrogenase (LDH) in the serum were detected using Enzyme-linked immunosorbent assay (ELISA). The

expression of CKLF1 in the infarcted area was detected by immunohistochemistry, immunofluorescence, quantitative

PCR (qPCR), and Western blotting (WB). H9C2 and AC16 cardiomyocytes cultured in vitro were subjected to oxygen

and glucose deprivation (OGD). LDH was used to detect cell damage, and CKLF1 expression was detected by qPCR

and WB. Results: CKLF1 mRNA and protein expression were significantly increased in h9c2 cells at 1.5 h and in

AC16 cells at 4 h after OGD. The serum CK-MB in rats increased significantly on the first day after infarction, while

the LDH concentration increased significantly on the third day after infarction. CKLF1 blood levels significantly

increased on the first day following MI in rats. CKLF1 expression notably increased in the infarct area on days 1, 3,

and 7 post-MI. In MI tissue, CKLF1 colocalizes with cardiomyocytes, macrophages, and neutrophils. Conclusion:

CKLF1 was substantially expressed during myocardial ischemia injury both in vivo and in vitro and was colocalized

with macrophages and neutrophils, indicating that CKLF1 is expected to be a biomarker and a drug target for the

treatment of myocardial infarction.

List of abbreviations
CKLF1 Chemokine-like factor 1
OGD Oxygen and glucose deprivation
MCP Monocyte chemoattractant protein 1
CCR2 CC chemokine receptor 2
CCR4 CC chemokine receptor 4
RA Rheumatoid arthritis

OA Osteoarthritis
AS Ankylosing spondylitis
TGF-β Transforming growth factor-β
TNF-α Tumor necrosis factor-α
CK-MB Creatine kinase MB isoenzyme
LDH Lactate dehydrogenase
MMPs Matrix metalloproteinases

Introduction

Acute myocardial infarction (AMI) is one of the leading
causes of death worldwide, and its mortality rate is
increasing annually [1–3]. AMI occurs when the coronary
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artery suddenly becomes blocked, leading to diminished blood
flow, which results in myocardial necrosis. An inflammatory
response induced by necrotic myocardium leads to the
production and release of numerous cytokines and
chemokines [4,5]. Chemokines play a vital role in the initial
inflammatory response to infarction [5,6]. Chemokines
attract many intrinsic cardiac mononuclear macrophages,
lymphocytes, and neutrophils to infiltrate infarcted
cardiomyocytes, facilitating the gradual removal of dead
cells and matrix debris [7,8]. Chemokine-induced leukocytes
remove dead cells and matrix debris early in the
inflammatory response; however, excessive, prolonged, and
persistent inflammation can cause significant harm and
promote undesirable remodeling. Growing evidence has
demonstrated that most chemokines can influence cardiac
repair and remodeling by supporting the development of
new blood vessels, affecting fibroblast conversion to
myofibroblasts, interacting with matrix metalloproteinases
(MMPs), and modulating collagen production [5].

Chemokine-like factor 1 (CKLF1), is a newly identified
chemokine family member with a molecular weight of
approximately 8–13 kDa [9]. Numerous studies have
revealed that CKLF1 performs a variety of biological
activities, including leukocyte chemotaxis, and stimulates the
proliferation and differentiation of many cells. CKLF1 has a
wide range of chemotactic effects on leukocytes and
participates in inflammatory responses and autoimmune
diseases [9]. A previous study showed that CKLF1 gene
transfer reduced myocardial infarct size and improved
cardiac function in rats after myocardial infarction [10].
Additionally, research has demonstrated that CKLF1 may
direct mouse peripheral blood CD34+ cells following
myocardial infarction to the infarcted region and heal the
myocardium [11]. Our previous studies have shown that
CKLF1 expression is significantly upregulated in the
ischemic brain during stroke, whereas downregulation of
CKLF1 reduces neutrophil infiltration in the infarct area
[12], inhibits inflammatory responses [13], and reduces
infarct size and the occurrence of myocardial infarction
complications after stroke [14].

To accurately diagnose the condition and investigate its
mechanism, it is helpful to understand how CKLF1 is
expressed during myocardial infarction. There is still
uncertainty regarding CKLF1 expression levels in myocardial
infarction models. The purpose of our study was to
demonstrate that CKLF1 is expressed in myocardial infarction
both in vitro and in vivo. We showed that myocardial
infarction dramatically increased CKLF1 expression.

Materials and Methods

Cell culture and oxygen and glucose deprivation (OGD)
treatment
Rat embryonic cardiomyocyte H9c2 cells and human
cardiomyocyte AC16 cells were obtained from Procell
(Wuhan, China). High-glucose Dulbecco’s modified Eagle’s
medium (DMEM) (Sigma, D5796, St. Louis, USA)
supplemented with 10% fetal bovine serum (FBS) (Sigma,
F0193, Shanghai, China) was used to cultivate the cells at
37°C in a 5% CO2 environment.

To simulate the interruption of blood flow after
myocardial infarction, H9c2 and AC16 cells were grown in
serum-, glucose-, and sodium pyruvate-free DMEM (Procell
Life Science & Technology Co. Ltd., PM 150270, Wuhan,
China) in an anaerobic chamber at 37°C with 95% N2 and
5% CO2 for OGD treatment.

Cell damage analysis
The amount of lactate dehydrogenase (LDH) released into the
cell culture supernatant was used to gauge the extent of cell
damage. Following appropriate treatment of the
cardiomyocytes, 50 mL of the cell culture supernatant was
removed and run through automated biochemical
equipment along with the LDH test reagent (Sangon
Biotech, 100020050, Shanghai, China). An automatic
program for biochemical equipment (Toshiba, TBA40F,
Japan) was used for LDH analysis, and the findings were
recorded.

Animals
Male Sprague-Dawley rats weighing 250–280 g were
purchased from Vital River Laboratory Animal Technology
Co., Ltd. (Beijing, China), and housed in cages at a
comfortable temperature of 22°C and 40%–60% humidity.
Rats had unrestricted access to food and water in the
laboratory. All operations were carried out in line with the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals and were authorized by the Peking
Union Medical College and Chinese Academy of Medical
Sciences Animal Care Committee (number: 00007889).

Establishment of the myocardial infarction model
To induce anesthesia, the rats were anesthetized with 2%
isoflurane. The skin and thyroid were separated at the level
of the thyroid cartilage. Tracheotomy was performed on
the second and third tracheal rings, endotracheal
intubation was completed, and then the rat trachea was
linked. The ventilator respiration rate and respiratory ratio
were set to 90 per min and 1:1, respectively. Isoflurane was
adjusted to 1.5%, N2 to 70%, and O2 to 30% for
maintenance purposes. The skin, pectoralis major, and
serratus anterior muscles were separated in the third
intercostal space. At the end of expiration, the pleura was
punctured, a 6–0 suture was used to ligate the region
3–4 mm below the junction between the aortic arch and
the left atrial appendage, and the chest was then closed.
The ligated rats were used as the model group, with 3 rats
in each group. Sham rats were threaded but not ligated,
with 3 rats in each group. Serum and heart samples were
collected 1, 3, and 7 days after the procedure.

Tetrazolium chloride (TTC) staining
The rat heart was removed and immediately frozen for 10 min
at −80°C. The heart was serially sectioned from the base to the
apex at 1 mm intervals. The slices were exposed to a 1.5%
2,3,5-triphenyltetrazolium chloride (TTC) (Sigma, T8877,
Shanghai, China) solution for 20 min. ImageJ software
(National Institutes of Health, Maryland, USA) was used to
evaluate the degree of infarct. Infarct rate (%) = total infarct
area/total area × 100.
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Hematoxylin-eosin (HE) staining
After the damage, the rats wore masks and were anesthetized
with 2% isoflurane. Following perfusion with phosphate-
buffered saline and 4% paraformaldehyde (Sigma, 441244,
Shanghai, China), the hearts were removed and preserved in
4% paraformaldehyde., and the retrieved heart was treated
according to established protocols in paraffin-coated and
graded alcohols as well as xylene. The paraffin-embedded
slices were serially sectioned at 5 mm intervals. The slides
were stained with hematoxylin and eosin for 20 and 2 min,
respectively, and examined under a microscope (Olympus,
CKX41, Tokyo, Japan).

Immunofluorescence staining and immunohistochemistry
CKLF1 expression in the myocardium was examined using
immunohistochemistry and immunofluorescence staining.
Antigen retrieval was performed by boiling the heart
sections in 0.01 mol/L citrate acid buffer at 100°C for 5 min.
Sections of heart tissue were added to 3% H2O2 for 10 min
at room temperature before immunohistochemistry to stop
endogenous peroxidase activity. Then, 5% bovine
serum (Sigma, V900933, Shanghai, China) was added,
and the samples were allowed to sit for 30 min
at room temperature. Primary antibodies against
CKLF1 (Abcam, ab180512, Massachusetts, USA, 1:200),
MHC (Abcam, ab37484, Massachusetts, USA, 1:200), CD68
(Abcam, ab303565, Massachusetts, USA, 1:200), and MPO
(Abcam, ab208670, Massachusetts, USA, 1:200) were added
and incubated overnight at 4°C. A secondary antibody and
Hoechst 333 (Proteintech, CL594-67243, Wuhan, China,
1:1000) were added, and the cells were incubated for 2 h at
room temperature. Finally, the sections were imaged using a
confocal laser scanning microscope (Leica, TCS SP2, Solms,
Germany) for immunofluorescence staining or an
immunohistochemical staining microscope (Olympus,
CKX41, Tokyo, Japan). The photos were examined using
Image-Pro Plus 6.0. For colocalization analysis, we selected
cells in the picture for the presence of colocalization, and
ImageJ was used for colocalization analysis of the selected
portion, and the target protein trends consistently indicated
the presence of colocalization.

Determination of the serum creatine kinase MB isoenzyme
(CK-MB) concentrations in rats
The concentration of CK-MB in the rat serum was evaluated
using a rat CK-MB enzyme-linked immunosorbent assay
(ELISA) Kit (Sangon Biotech, D731144, Shanghai, China)
according to the manufacturer’s instructions.

ELISA
The concentration of CKLF1 in the rat serum was evaluated
using a rat CKLF1 ELISA kit (Jianglai, JL47923, Shanghai,
China) according to the manufacturer’s instructions.

Quantitative PCR (qPCR)
Quantitative PCR was used to evaluate CKLF1 expression.
H9c2 and total myocardial RNA were extracted using
TRIzol reagent (Invitrogen Carlsbad, 15596018CN, CA,
USA) according to the manufacturer’s instructions. A
microplate reader (Implen, NanoPhotometer N60, Munich,

Germany) was used to quantify the amount of RNA present,
and reverse transcription was permitted if the purity of the
RNA had 260/280 nm absorbance between 1.8 and 2.1.
Reverse cDNA was prepared using 1 µg of RNA and the
TransScript One-Step gDNA Removal and cDNA Synthesis
SuperMix Kit (TransGen, AT311-02, Beijing, China). A
TransStart Tip Green qPCR Supermix kit (TransGen,
AQ142-21, Beijing, China) was used to amplify the QPCR
cDNA for real-time quantification. The results were
analyzed using the 2-ΔΔCT method, with β-actin serving as
the reference gene. The primers used for rat CKLF1 were F-
5′CGTAGACCATCAGCCCTTCTG3′ and R-5′TCAGGAAA
CCAAACACCCCTC3′; the primers used for β-actin were
F-5′TCAGGTCATCACTAT CGGCAAT 3′, and R-5′AAA
GAAAGGGTGTAAAACGCA 3′.

Western blotting
Total protein was extracted from cells and tissues using RIPA
(Beyotime, P0013B, Shanghai, China) buffer supplemented
with 1% phenyl-methane sulfonyl fluoride (PMSF)
(Beyotime, ST506-2, Shanghai, China). Protein
concentrations were measured using the BCA Protein Assay
Kit (Applygen Technologies, P1511-3, Beijing, China), and
equivalent amounts of protein were transferred to
polyvinylidene fluoride (PVDF) membranes (Merck
millipore, 03010040001, Massachusetts, USA) after
separation on 12% (w/v) SDS‒PAGE gels. The membranes
were subsequently labeled with primary antibodies against
CKLF1 (Abcam, ab180512, Massachusetts, USA, 1:500) at
4°C overnight, then blocked with 5% Bull Serum Albumin
(BSA) in Tris-buffered saline + Tween-20 (TBST) 2 h.
GADPH (Sanying, 60004-1-I g, Wuhan, China) was used as
an endogenous control. The membranes were cleaned before
incubation for 2 h at room temperature with a secondary
antibody (Sanying, HRP-20758, Wuhan, China). Bands on
the membranes were detected using an improved
chemiluminescence plus detection system (Molecular
Devices, Lmax, CA, USA).

Statistical analysis
All the data are presented as the mean ± SEM, and GraphPad
Prism 7.0 (GraphPad Software), a statistical software, was
used to analyze the data. The Bonferroni multiple
comparison test in two-way ANOVA, Tukey’s test in one-
way ANOVA, and Student’s t-test (when comparing two
sets of data) were employed in this study for statistical
analysis. Statistical significance was defined as p < 0.05.

Results

Hypoxia induces cell damage in cardiomyocytes
H9c2 and AC16 cardiomyocytes were subjected to oxygen and
glucose deprivation (OGD) for different durations to simulate
hypoxia. Lactate dehydrogenase (LDH) content was used to
assess the effect of OGD on cell damage. Treatment of
cardiomyocytes with OGD resulted in a visibly aberrant
morphology (Figs. 1A and 1B), and the amount of LDH in
the cell supernatant significantly increased in a time-
dependent manner. When OGD was applied to AC16 cells
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for 3 h and H9c2 cells for 1.5 h, H9c2, and AC16 cells
sustained significant damage. Furthermore, when H9c2 cells
were subjected to OGD for 1.5 h and AC16 for 3 h, the
LDH content doubled (Figs. 1C and 1D). These findings
indicated that OGD-induced hypoxia may contribute to the
destruction of H9c2 and AC16 cells.

OGD increased the expression of chemokine like factor 1
(CKLF1) in cardiomyocytes
Our previous study revealed that the expression of CKLF1
mRNA and protein in neurons increased after OGD/R [15].
To determine whether the expression of CKLF1 in
cardiomyocytes changes under OGD conditions,
Quantitative PCR (qPCR) and Western blotting were used
to analyze the mRNA and protein levels of CKLF1.
Cardiomyocytes were investigated by qPCR 10 h after OGD
and Western blotting 12 h after OGD. The data confirmed
that CKLF1 mRNA (Figs. 2A and 2B) and protein levels
(Figs. 2C and 2D) increased significantly after OGD in both
H9c2 and AC16 cells. This finding suggested that CKLF1
expression was upregulated in cardiomyocytes after OGD.

Alterations in myocardial enzyme levels and assessment of
infarct size after myocardial infarction in rats
A rat Acute myocardial infarction (AMI) model was
established for in vivo research. The area of myocardial
infarction was measured using Tetrazolium chloride (TTC)
staining. Usually, after TTC staining, the infarcted area of
the rat heart was gray white and the normal area was red.
TTC staining was performed 1, 3, and 7 days after
myocardial infarction. Compared to those of the sham
group, the infarct areas of the MI group were considerably

greater, at 12.32%, 23.23%, and 37.94%, respectively (p <
0.001) (Figs. 3A and 3C). Myocardial damage was evaluated
using H&E staining. There were many necrotic myocardial
cells, damaged and disorganized myocardial fibers, and
significant infiltration of inflammatory cells in the infarcted
region and border, indicating that myocardial ischemia
occurred in the MI group (Fig. 3B). One day after
myocardial infarction, the level of Creatine Kinase MB
Isoenzyme (CK-MB) in rat serum was significantly greater
than that in the sham operation group (p < 0.0001)
(Fig. 3D). Suggesting the presence of acute myocardial
injury. However, there was no difference between the two
groups on the third day, which was mainly related to the
repair of cardiomyocytes and the removal of necrotic
material. LDH levels were not significantly different between
the two groups one day after myocardial infarction but were
significantly greater than those in the sham surgery group
on the third day (p < 0.01) (Fig. 3E). These results
demonstrate that myocardial damage occurs in a successful
rat model of myocardial infarction.

CKLF1 was overexpressed in the rat model of AMI
To examine the expression of CKLF1 in the AMI rat model,
immunohistochemical staining, ELISA, and Western
blotting were performed. The expression of CKLF1 in the
infarct area and, notably, the border zone dramatically
increased compared to that in the sham group at 1, 3, and 7
days following myocardial infarction in rats, according to
immunohistochemistry (Figs. 4A and 4B). On the first day
following myocardial infarction, CKLF1 levels in rat serum
dramatically increased in comparison to those in the sham
group, but there was no change on days 3 or 7 (Fig. 4C).

FIGURE 1. OGD induced H9c2 and AC16 cell damage. (A and B) Morphological changes of cardiomyocytes after OGD. Scale bar = 50 μm.
(C and D) LDH content was used to assess cell injury. Data represent the mean ± SEM (n = 5 and 6). *p < 0.05, **p < 0.01, ***p < 0.001, ****p <
0.0001 vs. control groups, respectively. ns: no statistical significance.
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Western blotting also showed that CKLF1 expression steadily
increased at 1, 3, and 7 days following infarction in
comparison with that in the sham group (Fig. 4D).

CKLF1 colocalized with cardiomyocytes, macrophages, and
neutrophils in the infarct region
To confirm the origin of CKLF1 in the infarct region after
myocardial infarction, dual immunofluorescence labeling
was performed. Immunofluorescence results showed that the
fluorescence intensity of CKLF1 was significantly increased
in the border zone of the myocardial infarction on days 1, 3,
and 7 (Fig. 5A), and CKLF1 colocalized with myocardial
cells (Figs. 5B and 5E). Moreover, many neutrophils and
macrophages infiltrated the infarct area, and CKLF1
colocalized with macrophages and neutrophils (Figs. 5C, 5D,
5F and 5G). This finding suggested that CKLF1 may play a
role in chemotaxis to neutrophils and macrophages in the
infarct area.

Discussion

In the present study, we demonstrated for the first time a
significant increase in CKLF 1 expression after MI in rats, as
well as in vitro CKLF 1 expression after OGD. In vivo,
serum CKLF1 levels were significantly elevated on the
first-day post-MI but returned to levels similar to those in

the sham group on days 3 and 7. This was comparable to
the variations in the serum levels of CK-MB. Compared to
that in the sham group, the serum LDH concentration was
considerably elevated at 3 days after MI, while there was no
significant change at 1 day. In the postinfarction heart,
CKLF1 expression was significantly increased in
cardiomyocytes, mainly in the infarct margin area. CKLF1
may attract macrophages and neutrophils in rats with
myocardial infarction. CKLF1 expression was significantly
increased in H9c2 and AC16 cardiomyocytes after OGD
in vitro.

CKLF1 is a chemokine involved in the pathological
processes of various diseases. Patients with atopic dermatitis
(AD) have increased CKLF 1 expression in their peripheral
blood, and the number of CKLF 1-positive cells is
considerably greater in AD skin lesions [16]. Studies using a
rat model of cerebral ischemic injury showed that CKLF1
expression was significantly elevated at the site of injury
after 3 h and peaked after 48 h. CKLF1 mRNA expression
was significantly greater in the peripheral blood of asthmatic
patients than in that of controls, and CKLF1 levels in the
airways were much greater in asthmatic patients than in
those of normal subjects [17]. Patients with rheumatoid
arthritis (RA), osteoarthritis (OA), and ankylosing
spondylitis (AS) have increased CKLF1 levels in their
synovitis [18]. The levels of CKLF1 and CC chemokine

FIGURE 2. The expression of CKLF1 after OGD in H9c2 and AC16 cells. (A and B) CKLF1 mRNA expression in cardiomyocytes after OGD
was detected using qPCR. (C and D) Western blotting was used to detect the expression of CKLF1 protein in cardiomyocytes after OGD. Data
represent the mean ± SEM (n = 3). *p < 0.05, **p < 0.01 vs. control groups, respectively.
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receptor 2 (CCR4) in psoriasis lesions are significantly
elevated [19]. Previous research has demonstrated that
balloon-damaged rat models of atherosclerosis and human
carotid plaques have considerably greater levels of CKLF1 in
the neointima following injury than the control group [20].
Compared with normal tissue, hepatocellular carcinoma
tissue has much greater CKLF1 expression, and tissues from
patients with advanced cancer have greater CKLF1
expression than tissues from patients with early cancer [21].
The amount of CKLF1 increases in rats with abdominal
aortic aneurysms [22]. Therefore, CKLF1 overexpression is
essential for the pathogenic processes underlying various
disorders, suggesting that CKLF1 may be a biomarker for
disease diagnosis. Early and precise clinical diagnosis of
AMI is critical for patient survival. The major foundation
for assessing myocardial hypoxic-ischemic damage is the
detection of myocardial enzymes. The two most important
cardiac enzyme markers for AMI diagnosis are CK-MB and
LDH. Although there was a rise in the serum LDH level 12
to 24 h following AMI-related chest pain, its specificity was
not very high. The serum CK-MB concentration might
increase 4–6 h after the onset of AMI chest pain and start to
decrease after 36 h. Although the sensitivity is great, there
are still false positives. When utilized in clinical settings,
CK-MB is frequently combined with other cardiac enzymes
to increase diagnostic sensitivity and specificity. The results
of this investigation showed that the blood levels of CKLF1

dramatically increased one day following AMI before
decreasing. CKLF1 is anticipated to serve as a biomarker for
the early diagnosis of AMI. CKLF1 antagonists and
inhibitors can be used to treat these conditions. Recent
research has revealed that conventional inflammatory
signaling pathway inhibitors can target CKLF1, control
rheumatoid arthritis, and treat cancer [23,24]. Our research
demonstrated that increased CKLF1 expression may be
crucial to the pathology of myocardial infarction. It is
anticipated that CKLF1 will serve as a diagnostic and
therapeutic target for myocardial infarction.

CKLF1 has a molecular structure typical of the CC
chemokine subfamily. Many studies have shown that
members of the CC chemokine subfamily are involved in
myocardial infarction. Monocyte chemoattractant protein 1
(MCP-1) and its receptor, CC chemokine receptor 2
(CCR2), have been extensively studied. In the early stages of
myocardial infarction, MCP can cause neutrophils and
monocytes/macrophages to infiltrate the infarcted area and
stimulate the development of collateral arteries [25].
Downregulation of MCP can reduce the expression of
tumor necrosis factor-α (TNF-α) and transforming growth
factor-β (TGF-β), reduce interstitial fibrosis, and improve
ventricular remodeling following infarction [26]. Reduced
CCR2 expression can enhance cardiac function following
myocardial infarction by decreasing monocyte infiltration,
infarct size, and interstitial fibrosis in damaged myocardium

FIGURE 3. An infarction occurred in the left anterior region of the heart in AMI rats. (A and C) TTC staining and statistical analysis. The data
are presented as the mean ± SEM (n = 3 rats). (B) HE staining was used for the histological examination of the infarcted tissue. Scale bar = 100
μm. I: infarct area, N: normal. (D and E) Serum CK-MB and LDH levels at 1 and 3 days after myocardial infarction in rats (n = 3 rats). **p <
0.01, ***p < 0.001, ****p < 0.0001. ns: no statistical significance.
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[27]. Thus, ventricular remodeling can be greatly enhanced by
MCP/CCR2 downregulation. The biological function of MCP/
CCR2 as a pharmacological target to enhance ventricular
remodeling following myocardial infarction has drawn the
interest of numerous researchers. By using an MCP-1
competitive inhibitor to prevent MCP-1 from binding to the
CCR2 receptor, researchers were able to decrease the size of
the mouse heart infarct, as well as the amount of collagen
and myofibroblasts, monocyte infiltration, and ventricular
remodeling [28,29]. After myocardial infarction in mice,
silencing CCR2 gene expression with small interfering RNA
can improve left ventricular remodeling, minimize
monocyte infiltration in the infarct location, and reduce
inflammation [30]. CCR2-targeting medications suppress
cardiac cell apoptosis induced by ischemia/reperfusion, and
pretreatment with targeted therapies can restore decreased

cell viability following ischemia/reperfusion [31]. The results
demonstrate that this can considerably decrease the number
of monocytes and improve the infarct size and cardiac
function in patients with myocardial infarction. Our data
showed that CKLF1 was colocalized with cardiomyocytes,
macrophages, and neutrophils in the infarct area. The above
findings point to the right direction for future research into
the mechanism of CKLF1 in myocardial infarction, as well
as the potential value of CKLF1 in myocardial infarction
treatment.

Adult mammalian cardiomyocytes are not regenerative.
Therefore, it is critical to preserve cells in myocardial
infarction, particularly those near the border. The area
spread outward by at least 3 cm from the infarct location is
known as the infarct border zone [32]. The size of the
infarct border zone can affect left ventricular remodeling

FIGURE 4. The expression of CKLF1 was significantly increased after AMI in rats. (A) Illustrations of representative infarcted and sham-
operated heart slices stained with CKLF1 at various time points. Scale bar = 100 μm. (B) Quantification of the area of infarcted and sham-
operated hearts stained with CKLF1 at various time points (n = 3 rats). (C) The serum CKLF1 concentration of rats was determined by
ELISA (n = 3 rats). (D) Western blot analysis was used to confirm the presence of the CKLF1 protein in the infarcted area of the rat heart,
and ImageJ was used to calculate the protein quantity. The data are presented as the mean ± SEM (n = 3 rats). **p < 0.01, ***p < 0.001, ****p <
0.0001 vs. the sham group. ns: no statistical significance.
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FIGURE 5. CKLF1 expression was increased and colocalized with myocardial cells and inflammatory cells. (A) Immunofluorescence staining
of CKLF1 (red) at 1, 3, and 7 days after AMI. Scale bar = 50 μm (n = 3). (B and E) Representative photomicrographs of double-staining
immunofluorescence and colocalization analysis of CKLF1 (red) and Myosin Heavy Chain (MHC) (green) in the infarcted region at 1, 3,
and 7 days after AMI. Scale bar = 20 μm (n = 3 rats). (C and F) Representative photomicrographs of double-staining immunofluorescence
and colocalization analysis of CKLF1 (red) and CD68 (green) in the infarcted region at 1, 3, and 7 days after AMI. Scale bar = 20 μm (n =
3 rats). (D and G) Representative photomicrographs of double-staining immunofluorescence and colocalization analysis of CKLF1 (red)
and Myeloperoxidase (MPO) (green) in the infarcted region at 1, 3, and 7 days after AMI (n = 3 rats). Scale bar = 20 μm. The lines in the
box of the overlay images are the colocalization analysis sites.
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and heart failure after myocardial infarction. The mechanisms
include the suppression of left ventricular remodeling,
electrical remodeling, necrosis, apoptosis, inflammation, and
other processes [33–35]. It has been established that
suppressing border zone chemokine expression affects
ventricular remodeling and myocardial fibrosis [36]. In the
border zone of myocardial infarction, macrophages are
found near the chemokine CKLF1, which is strongly
expressed, according to our findings. The limitations of this
study include the lack of in-depth research into the precise
mechanism of CKLF1 in myocardial infarction, as well as
the inability to adequately explain the function of CKLF1 in
myocardial infarction therapy. At the same time, this is the
subject of our next study.

Conclusion

The results of the current investigation showed that CKLF1
expression increased significantly in the serum 1 d after
myocardial infarction as well as in the infarct tissue, notably
in the infarct border zone. Near the infarct, CKLF1
colocalizes with cardiomyocytes, neutrophils, and
macrophages.
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