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Abstract. Approximately one in four myocardial infarctions 
occur in older patients. The majority of therapeutic advances 
are either not appropriate or not tested in elderly patients. The 
main reasons for deviating from the guidelines are justified 
concerns regarding the effectiveness of the recommended 
forms of therapy, fear of adverse drug reactions and ethical 
concerns. Targeting interleukin 6 (IL‑6) for ventricular 
remodeling after cardiovascular damage is a feasible alter‑
native to standard polypharmaceutics, but the underlying 
molecular mechanisms are not well understood. Continuous 
activation of the IL‑6‑associated cytokine receptor gp130 
leads to cardiomyopathic hypertrophy. TGFβ1 is involved 
in forming fibrosis in various organs, and its overexpression 
can cause myocardial hypertrophy and fibrosis. Il‑6 has been 
hypothesized to be indirectly involved in cardiac remodeling 
via the TGFβ1/Smad signaling transduction pathway. In the 

present study, a rat model of acute myocardial ischemia, IL‑6 
and IL‑6 receptor blockers were injected directly into the 
necrotic myocardium. Changes in cardiac function, myocar‑
dial infarction area, myocardial collagen, necrotic myocardial 
fibrosis and levels of TGFβ1, IL‑6 and MMP2/9 were quanti‑
fied in myocardial tissue fibrosis by ELISA. The present study 
demonstrated that IL‑6 stimulated myocardial fibrosis through 
the TGFβ1‑Smad‑MM2/9 signaling transduction pathway. 
Overall, this provided a solid foundation for understanding the 
relationship between IL‑6 and ventricular remodeling.

Introduction

Data increasingly points to the role of interleukin 6 (IL‑6) 
in the etiology and progression of heart failure caused by 
post‑myocardial infarction (1‑3). The immediate and long‑term 
consequences of cardiac insufficiency and heart failure are of 
utmost importance to patients. Cardiac remodeling processes 
differ significantly in extent between individuals and are often 
limited (4,5). Even though it remains unclear how the inflam‑
matory response and increased oxidative stress contributes 
to myocardial necrosis, it is undeniable that both myocardial 
infarction (MI) and the gold standard treatment, percutaneous 
coronary intervention, cause IL‑6 to increase in cardiac tissue, 
which increases its vulnerability to permanent damage (6‑8).

Current studies on ventricular remodeling indicate that the 
ventricular remodeling mechanism involves changes in the 
nervous and endocrine systems, the constellation of cytokines, 
the transduction pathways of cellular signals and mutation 
patterns (9,10). The TGFβ1‑Smad3‑MMP2/9 pathway has 
been identified as a common pathway responsible for tissue 
fibrosis (11). As a signal transduction factor of TGFβ1, Smad 
protein is also involved in cardiac development, cell prolif‑
eration, growth and apoptosis. Smad protein can interact with 
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other transcription factors and regulate its activity through 
cytokines (12,13).

Myocardial injury severity determines the development 
of ventricular remodeling, and rational drug treatment is 
important for improving this pathological process (8,10). For 
ventricular remodeling, current therapeutic drugs such as 
β‑blockers, inhibitors of the angiotensin‑converting enzyme 
(ACE) or antagonists of angiotensin II receptors, are often 
used together (14,15). At present, the most commonly used 
ACEIs are benazepril, captopril and ramipril. In addition, 
drugs that inhibit ventricular remodeling also have calcium 
channel blockers, which can selectively block Ca2+. The Ca2+ 
channel on the cell membrane decreases the intracellular Ca2+ 
concentration, which helps reverse myocardial remodeling. 
Statins, including simvastatin, prevent hypertrophy and 
fibrosis of cardiomyocytes. Cardiomyocytes are inhibited 
from synthesizing RhoA and Rho‑GTPase by statins, which 
prevent the formation of fibroblasts, tissue fibrosis and cardiac 
hypertrophy (8,16).

The majority of cardiology cases are revealed in biologi‑
cally older individuals, either because of chronology or 
premature aging, such as autoimmune, chronic inflammatory 
or musculoskeletal conditions. Almost a quarter of all patients 
with heart attacks are over the age of 75 years old. In addi‑
tion to heart disease in elderly patients, a significant increase 
in younger patients with heart damage due to comorbidities 
or unhealthy lifestyle habits is expected to be observed. In 
older patients, myocardial infarction, recurrences and heart 
failure will be more common, and the prognosis will be worse 
compared with younger patients, with a mortality rate of 
20‑25% in hospitals. In addition, patient mortality increases 
almost exponentially with increasing age (9,17,18). Patients in 
their eighth decade of life have a mortality rate of 17%, and 
patients in their ninth decade of life have a mortality rate of 
33% (19). Therefore, it is important to preserve the cardiac 
muscle following an infarction. It is hypothesized that blocking 
IL‑6 can prevent myocyte senescence, thereby allowing repair, 
regeneration and maintenance of cardiac tissue (20‑22).

The majority of patients are multimorbid and elderly, so 
combination therapy is often complicated and should be 
avoided. Thus, more potent drugs are needed. Identifying new 
pathophysiological patterns that could be used as therapeutical 
targets is a need that has not been met. Consequently, the use 
of IL‑6 receptor inhibitors has been investigated as a possible 
candidate for restoring cardiac function (23,24). The present 
study examined myocardial remodeling induced by IL‑6 
receptor inhibitors, evidenced by reduction in infarction size, 
collagen content and inflammation of the myocardium.

Materials and methods

Animal model. A total of 80 male Sprague‑Dawley (SD) rats 
aged 5 months (average body weight, 300‑330 g) were housed 
in a certified SPF grade facility (Tongji University Laboratory 
Animal Center, Shanghai, China) with individually ventilated 
cages and the following conditions: Temperature, 20‑24˚C; 
relative humidity, 30‑70%; 12‑h light‑dark cycle (8:00 a.m. to 
8:00 p.m.); and free access to food and water. All experiments 
were performed in accordance with the protocols approved 
by the Animal Care and Use Committee at Tongji University. 

This research proposal was approved by the Ethics Committee 
of Yangpu Hospital, School of Medicine, Tongji University 
(approval no. LL‑2021‑SCI‑006).

The myocardial infarction model was established in rats by 
ligating the left anterior descending coronary artery (LAD). 
SD rats were first fixed on the operating table and anesthe‑
tized with an intraperitoneal injection of sodium pentobarbital 
(formulated as a 2% solution at a dose of 35 mg/kg). The skin 
was cut along the left iliac crest and the sternal xiphoid line, 
muscles and the pericardium were separated. LAD was ligated 
to a depth of 0.3‑0.5 mm under aseptic conditions, without 
any other injuries (intentional or unintentional) in LAD. V2 
lead electrocardiogram was performed postoperatively to 
determine whether it demonstrated ST‑segment elevation 
and gradual pathological Q waves. The myocardial infarc‑
tion model was validated by observing the local myocardial 
color paleness and echocardiography to demonstrate the 
local myocardial segmental motility disturbances. The acute 
myocardial infarction (AMI)‑rat standard was successfully 
established using this model. Only AMI rats that met all stan‑
dard requirements (permanent LAD ligation and proper LAD 
ligation confirmed by electrocardiography) were included in 
the experimental groups.

Animal grouping. The rats were randomly divided into four 
groups: i) Normal control group without any treatment, the 
N group (n=20); ii) LAD ligation with an injection of normal 
saline, the LINS group (n=20); iii) LAD ligation with an injec‑
tion of IL‑6 recombinant protein (cat. no. PHC0066; Thermo 
Fisher Scientific, Inc.), the LIIL group (n=20); and iv) LAD 
ligation with injection of IL‑6 receptor inhibitor (Tocilizumab; 
cat. no. A2012; Selleck Chemicals), the LIILR group (n=20). 
Before the treatments, humane endpoint criteria were estab‑
lished, the parameters including labored breathing, obvious 
loss of body weight (>25%), prostration, unresponsiveness to 
external stimuli and a drop in body temperature (±2˚C) (24). 
When rats appeared with one or more of aforementioned 
reactions, they were promptly euthanized. Animal care staff 
monitored the rats daily, and no rats reached the humane 
endpoints before the end of the present study. Overall, 10‑50% 
of the rats died from myocardial infarction during or after 
surgical operation and were immediately euthanized with 
overdose of sodium pentobarbital by intraperitoneal injection 
in conformity to their vital signs (apnea and cessation of heart‑
beat). The anesthetic dose of sodium pentobarbital in rats was 
30 mg/kg, the euthanasia dose was 150 mg/kg (25).

Animal treatment in specific groups. In the LINS group, the 
LAD was ligated. After the successful preparation of the 
myocardial infarction model, the AMI area was divided into 
four points and injected with 20 µl of physiological NaCl each 
(a total of 80 µl) at a distance of 1‑2 cm. In the LIIL group and 
LIILR group, IL‑6 recombinant protein (1.8 mg/kg) (26,27) 
or IL‑6 receptor inhibitor (50 mg/kg) (28), respectively, were 
accordingly injected into the four points in the myocardial 
infarction area.

Cardiac function test. The Acuson Sequoia C256 ultrasound 
systems (Siemens AG) linear array probe was used at a 
frequency of 8 MHz and detection depth of 2 cm to determine 
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the heart's function at 1 and 4 weeks after surgery. Rats were 
anesthetized by intraperitoneal injection of sodium pentobar‑
bital. The rat's chest hair was scraped off, the rat was fixed on 
its back and connected to the V2 lead electrocardiogram. The 
probe was placed in the rat's chest, and the two‑dimensional 
ultrasound indicated the level of the short axis of the fundus 
near the papillary muscle. Subsequently, M‑mode ultrasound 
was used to determine the left ventricular end‑diastolic 
diameter (LVEDD) and left ventricular end‑systolic diam‑
eter (LVESD) of each group of the left ventricular. The left 
ventricular fractional shortening (LVFS) was calculated using 
the Teichholtz formula (29), [Volume=7D3/(2.4 + D), where D 
represents the ventricular diameter] (30), and values of the left 
ventricular ejection fraction (LVEF) were calculated to assess 
cardiac function. Each set of data illustrated the average of 
three consecutive cardiac cycles.

Histopathological studies. After anesthetizing rats with an 
excess of pentobarbital, their hearts were removed by a thora‑
cotomy and cut along the ligature line to obtain the largest 
cross‑sectional area of the left ventricle. Sections were used 
for Masson staining, hematoxylin and eosin (HE) staining 
and immunohistochemistry (IHC) (27), while the remains 
were used to measure myocardial inflammatory response 
indicators myeloperoxidase (MPO), reactive oxygen species 
(ROS), interleukin 6 (IL‑6), transforming growth factor β1 
(TGFβ1) and matrix metalloproteinase‑2/9 (MMP2/9). The 
remaining hearts tissues were harvested, homogenized and 
centrifuged (12,000 x g) at 4˚C for 10 min in 300 µl CTAB 
buffer [50 mM CTAB (cat. no. H5882; MilliporeSigma) in 
50 mM potassium phosphate buffer, pH 6.0]. The tissue super‑
natant was harvested and used for protein quantitative analysis 
with a Bicinchoninic Acid protein assay kit (cat. no. 23227; 
Thermo Fisher Scientific, Inc.). The tissue supernatant was 
stored at ‑80˚C until used for ELISA assays. MPO in heart 
homogenate was determined using rat‑specific ELISA kits 
(cat. no. HK105‑01; Hycult Biotech Inc.). ROS was measured 
by rat ROS ELISA kit (cat. no. LS‑F9759‑1; Lifespan 
Biosciences). Interleukin 6 (IL‑6) was assayed by rat IL‑6 
ELISA (for lysates) kit (cat. no. ERA32RB; Thermo Fisher 
Scientific, Inc.). TGFβ1 was determined by TGFβ1 rat ELISA 
kit (cat. no. BMS623‑3; Thermo Fisher Scientific, Inc.). MMP2 
was measured by rat MMP2 ELISA kit (cat. no. LS‑F32418‑1; 
Lifespan Biosciences). MMP9 was assayed by rat MMP9 
ELISA kit (cat. no. LS‑F5605‑1; Lifespan Biosciences). 
ELISA assays were performed according to the manufacturer's 
instructions.

HE staining. HE staining was performed for pathological eval‑
uation (27). Briefly, the tissue was fixed using a 10% formalin 
solution for 7 days at room temperature. These samples were 
then paraffin‑embedded, and cut into 5‑µm sections, placed 
on a slide and dried in a 60˚C oven for 30 min. The slide 
was deparaffinized using xylene, rehydrated using 100, 90, 
80 and 70% alcohol, and washed under running tap water. 
Subsequently, the slides were stained with hematoxylin at 
room temperature for 10 min, and then washed in running tap 
water to remove excess solution. Slides were differentiated in 
1% concentrated hydrochloric acid diluted in 70% ethanol for 
30 sec and washed again under running tap water for 1 min. 

The sections were then counterstained with eosin for 2 min 
at room temperature, and dehydrated very quickly through 95 
and 100% alcohol, and cleared by 100% xylene. Coverslips 
were then mounted on the slides using resinous mounting 
medium. The images were collected using a light microscope 
(BX43; Olympus Corporation).

Masson staining. Paraffin sections were prepared from animal 
myocardial tissue. Masson staining was performed to evaluate 
the size of the infarct and degree of fibrosis in the marginal 
zone. The formalin‑fixed, paraffin‑embedded tissues of hearts 
were cut into 5‑µm sections and affixed on slides, dried in a 
60˚C oven for 30 min, defaraffinized with xylene, rehydrated in 
a graded series of alcohols (100, 90, 80 and 70%), and washed 
under running tap water. Next, the sections were stained 
according to the manufacturer's instructions of the Masson's 
trichrome staining kit (cat. no. G1340; Beijing Solarbio Science 
& Technology Co., Ltd.). The sections were dehydrated very 
quickly through 95 and 100% alcohol, cleared by xylene and 
then coverslips were mounted on glass slides using resinous 
mounting medium. Under the light microscope (BX43; 
Olympus Corporation), the cardiomyocytes presented with 
red cytoplasm, black nucleus and blue‑green collagen fibers. A 
total of three sections were selected from each animal. The left 
ventricular collagen area ratio to the left ventricular area was 
determined as myocardial infarct size under a low‑power field 
(magnification, x2.5). Local myocardial collagen and inflam‑
matory response were observed under a high power objective 
lens (20X magnification objective). ImageJ software (National 
Institutes of Health) was used to measure the infarct size or 
fibrosis area and total area. Each tissue was measured with 
5 different regions. The percentage of infarct size or fibrosis 
area was calculated as the infarct size or fibrosis‑positive area 
divided by the total area.

IHC. Animal myocardial tissues were collected immedi‑
ately after the rats were sacrificed and fixed overnight with 
4% neutral formalin at room temperature and embedded in 
paraffin. The sections were subjected to IHC to determine 
the levels and distributions of IL‑6 and TGFβ1. Sections 
(5‑µm) were deparaffinized and rehydrated, and then rinsed 
in distilled water for 5 min. Slides were microwaved in 0.01 M 
citrate antigen retrieval buffer pH 6.0 until boiling for at least 
15 min, after which they were left to cool to room temperature. 
The slides were washed with phosphate‑buffered saline (PBS) 
for 5 min and submerged in 3% hydrogen peroxide for 10 min 
at room temperature to block endogenous peroxidase, This was 
followed by submersion in blocking reagent (cat. no. 20773‑M; 
MilliporeSigma) for 1 h at room temperature in a humidified, 
light‑protected chamber and then washing with PBS three 
times. Next, sections were stained with primary and secondary 
antibodies. The following primary antibodies were used: 
Rabbit anti‑IL‑6 (1:100; cat. no. ab6672; Abcam) and rabbit 
anti‑TGFβ1 (1:100; cat. no. ab92486; Abcam). Tissue sections 
were incubated with a primary antibody overnight at 4˚C. 
Subsequently, slides were washed with PBS and incubated 
with goat anti‑rabbit IgG horseradish peroxidase‑conjugated 
secondary antibody (1:500; cat. no. sc‑2004; Santa Cruz 
Biotechnology, Inc.) at room temperature for 1 h. Next, the 
sections were washed in PBS and visualized with a DAB 



WANG et al:  IL‑6 INHIBITOR REVERSES CARDIAC INJURY4

substrate kit (cat. no. ab64238; Abcam) according to the 
manufacturer's instructions. This was followed by incubation 
with hematoxylin for 3 min at room temperature and washing 
with PBS three times. Finally, the sections were dehydrated 
very quickly using 95 and 100% alcohol and cleared using 
xylene, and then coverslips were mounted on the slides using 
resinous mounting medium. Images were observed using an 
Axio Observer Z1 microscope (Carl Zeiss AG).

Statistical analysis. The SPSS 22.0 software (IBM Corp.) 
was used for the analyses. All data were expressed as 
mean ± standard deviation. Comparisons of multiple groups 
were analyzed using one‑way analysis of variance (ANOVA) 
with Bonferroni's correction. GraphPad Prism 5.0 (GraphPad 
Software, Inc.) software was used to present statistical results. 
Animal survival curves were assessed using the Kaplan‑Meier 
method. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Standardization of the acute myocardial infarction rat model. 
The standard AMI rat model and the postoperative valida‑
tion points were established. Electrocardiograms (ECGs) 
of all AMI rats exhibited electrocardiographic ST‑segment 
elevation, as presented in Fig. 1.

Survival curve of the animals. The survival of the rats was 
monitored for 2 weeks after myocardial infarction modeling. 
Rat mortality was not reported in the N group (survival rate 
was 100%). Compared with the N group, LAD ligation and 
normal saline injection (LINS group) resulted in high mortality, 
with a survival rate of 70%. LAD‑ligation and IL‑6‑injection 
(LIIL group) had the highest mortality. The LIILR group 
had a significantly decreased mortality rate (survival rate of 
90%) compared with the LIIL group (P=0.0068). The survival 
curves of each group are depicted in Fig. 2.

Effect of IL‑6 and its receptor inhibitor on cardiac function. 
Changes in cardiac function were measured using an 
Acuson Sequoia C256 ultrasound systems (Siemens AG) 
at 1 and 2 weeks after LAD ligation‑induced myocardial 
infarction (Fig. 3). In the LINS group, the LVFS and the LVEF 
demonstrated a gradual decline, with a progressive LVESD and 

LVEDD increase compared with the N group. The LIIL group 
with injection of IL‑6 had a significantly decreased LVFS and 
LVEF at 1 and 2 weeks compared with the N group. In addi‑
tion, the LIIL group had a significantly increased LVESD and 
LVEDD compared with the N group. In the LIILR group with 
injection of IL‑6 receptor inhibitors, LVFS and LVEF were 
significantly higher than those in LINS group and LIIL group 
at 2 weeks. LVESD and LVEDD at 1 and 2 weeks in the LIILR 
group were lower compared with those in the LIIL group 
(Fig. 3). These results suggest that IL‑6 receptor inhibitors 
can protect cardiac function in myocardial infarction‑induced 
cardiac damage.

Effects of IL‑6 and its receptor inhibitors on myocardial 
infarction size and collagen content. The myocardial infarc‑
tion size and collagen content were detected by Masson 
staining. The myocardial structure of the N group was intact at 
low magnification. The infarct size was the largest in the IL6 
injection group (LIIL group), followed by the ligation group 
(LINS group). The infarct size of the inhibitor group (LIILR 
group) was significantly smaller compared with that of the 
previous two groups (Fig. 4).

Under a high‑power polarizing microscope, the Masson 
staining revealed cardiomyocytes in red and the collagen 

Figure 1. Changes in the record of the bipolar limb lead electrocardiogram of rats after anesthesia. ST segment elevation and the modeling in a standard acute 
myocardial infarction rat. SD, Sprague‑Dawley.

Figure 2. Survival curves of each rat group (N group; LINS group, LIIL 
group, LIILR group). The LIILR group had a higher survival rate compared 
with the LIIL group (**P=0.0068). N group, normal control group; LINS 
group, LAD ligation with an injection of normal saline group; LIIL group, 
LAD ligation with an injection of IL‑6 recombinant protein group; LIILR 
group, LAD ligation with injection of IL‑6 receptor inhibitor group.
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fibers in blue‑green, as presented in Fig. 4. There was no 
obvious collagen in the N group, and the cardiomyocytes were 
bright red (Fig. 4B). The myocardial cells in the infarct border 
area of the rats in the LINS group were disordered, the blue 
collagen fibers in the interstitium increased, the myocardial 
bundle was segmented, some collagen fibers were merged 
and the vacuolar changes were observed locally (Fig. 4D). A 
significant inflammatory response was observed in the cardio‑
myocytes of the LIIL group. After treatment with IL‑6, there 
were more blue‑green collagen fibers in the myocardial tissue, 
collagen deposition increased significantly, the inflammatory 
response was significantly aggravated and the myocardial 
structure changed accordingly (Fig. 4F). Treatment with IL‑6 
receptor inhibitors inhibited this phenomenon. An infarcted 
area showed a weaker inflammatory response, with reduced 
collagen (Fig. 4H). These results suggest that IL‑6 receptor 
inhibitors could attenuate the myocardial infarction‑induced 
fibrosis.

The quantitative analysis in Fig. 4 demonstrated that the 
collagen content in the myocardium of each group was signifi‑
cantly higher compared with that in the N group. Compared 
with the N group, the collagen content of the LIIL group 
increased significantly after the injection of IL‑6. Injection of 
IL‑6 receptor inhibitor significantly reduced collagen content 
compared with the LIIL group. These results indicated that 

IL‑6 promoted myocardial collagen deposition and increased 
fibrosis and inflammatory response.

Effect of IL‑6 and its receptor inhibitor on myocardial tissue 
inflammation. A myocardial tissue inflammation index (MPO) 
and an oxidative stress index (ROS) were measured to deter‑
mine the degree of inflammation in the heart. As presented in 
Fig. 5, ROS and MPO in the LINS group were significantly 
higher compared with the N group. Injection of IL‑6 promoted 
a further increase in the levels of ROS in the LIIL group 
compared with the LINS group. In the LIILR group (injection 
of IL‑6 receptor inhibitor), ROS and MPO were significantly 
lower compared with the LIIL and LINS groups.

HE staining was applied to observe the local inflamma‑
tory response of myocardial tissue (Fig. 6) under a high‑power 
microscope. The myocardial tissue of the N group revealed 
intact and well‑defined myocardial cells, while no obvious 
inflammatory reaction or myocardial necrosis was observed. 
The LINS group revealed leucocytes in particular infiltrated 
the infarcted area, accompanied by cardiac myocyte loss. 
These pathological changes were even more pronounced in the 
LIIL group, where numerous inflammatory cells infiltrated 
the infarcted area. Injection of IL‑6 receptor inhibitors mark‑
edly reduced the local inflammatory response and myocardial 
hemorrhage. This indicated that IL‑6 injection significantly 

Figure 3. Changes in LVEF, LVFS, LVESD, and LVEDD in groups 1 week and 2 weeks after myocardial infarction. N group, n=20; LINS group, n=13; LIIL 
group, n=10; LIILR group, n=18. LVEF, left ventricular ejection fraction; LVFS, left ventricular fractional shortening; LVESD, left ventricle end systolic 
dimension; LVEDD, left ventricle end diastolic dimension; N group, normal control group; LINS group, LAD ligation with an injection of normal saline group; 
LIIL group, LAD ligation with an injection of IL‑6 recombinant protein group; LIILR group, LAD ligation with injection of IL‑6 receptor inhibitor group; 
AMI, acute myocardial infarction.
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increased myocardial inflammation and fibrosis. By contrast, 
treatment with an IL‑6 receptor inhibitor decreased both 
myocardial fibrosis and the inflammatory response. This 
suggested that IL‑6 promoted fibrosis and inflammation in 
the infarcted myocardium, which could be partially reversed 
using IL‑6 inhibitors.

Effects of IL‑6 and its receptor inhibitors on the 
IL‑6/TGFβ1‑MMP signaling pathway in myocardial tissue 
fibrosis. To investigate the local expression of the proteins 
involved in the IL‑6/TGFβ1‑MMP signaling pathway 
analyzed, the present study used immunohistochemical 
staining and observed the local distribution of IL‑6 and 
TGFβ1 in myocardial tissue. These two factors were mainly 
expressed in inflammatory regions, vascular endothelium 
and cardiomyocytes (brown, as presented by the arrows in 
Fig. 6). Compared with the N group, the number of IL‑6 and 
TGFβ1‑positive expression levels of IL‑6 and TGFβ1 in the 
LINS group were markedly higher. These parameters were 
further increased in the LIIL group (injected with IL‑6), while 
IL‑6 receptor inhibitor injection led to a marked reduction of 
the observed expression of IL‑6 and TGFβ1 (LIILR group) 
(Fig. 6).

Effects of IL‑6 and its receptor inhibitors on the 
IL‑6/TGFβ1‑MMP signaling pathway in myocardial tissue 
fibrosis. The effect of the IL‑6/TGFβ1‑MMP signaling 
pathway on the fibrosis process was investigated in the 
infarcted myocardium. First, treatment with IL‑6 and its 

Figure 5. Detection of the myocardial inflammatory response indicators 
MPO and ROS by enzyme‑linked immunosorbent assay (ELISA) and 
Chemiluminescence. N group, n=20; LINS group, n=13; LIIL group, n=10; 
LIILR group, n=18. N group, normal control group; LINS group, LAD liga‑
tion with an injection of normal saline group; LIIL group, LAD ligation with 
an injection of IL‑6 recombinant protein group; LIILR group, LAD ligation 
with injection of IL‑6 receptor inhibitor group; ROS, reactive oxygen species; 
MPO, myeloperoxidase.

Figure 4. Overall Masson staining and infarct size of the rat heart in the 
N group, and 2 weeks after myocardial infarction in the LINS group, LIIL 
group and LIILR group. Masson staining showing myocardial tissue fibrosis 
in rats. Cardiomyocytes were stained in bright red, collagen in dark blue. 
(A) Overall Masson staining of the N group. (B) Magnified Masson staining 
of the N group. (C) Overall Masson staining of the LINS group. (D) Overall 
Masson staining of the LINS group. (E) Magnified Masson staining of the 
LIIL group. (F) Magnified Masson staining of the LIIL group. (G) Magnified 
Masson staining of the LIILR group. (H) Magnified Masson staining of the 
LIILR group. (I) Quantification of infarct size percentage in each rat group. 
(J) Quantification of collagen content percentage in each rat group. Left 
column scale bar, 1 mm; right column scale bar, 80 µm. N group, n=20; LINS 
group, n=13; LIIL group, n=10; LIILR group, n=18. N group, normal control 
group; LINS group, LAD ligation with an injection of normal saline; LIIL 
group, LAD ligation with an injection of IL‑6 recombinant protein; LIILR 
group, LAD ligation with injection of IL‑6 receptor inhibitor group.
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receptor inhibitors was induced, followed by an ELISA 
analysis of IL‑6 and TGFβ1 in the infarcted myocardium. 
Ligation (induction of myocardial infarction) significantly 
increased the expression levels of IL‑6, TGFβ1 and MMP‑9 
in the hearts of rats in the LINS group compared with the N 
group. IL‑6, TGFβ1, MMP‑2 and MMP‑9 in the LIIL group 
were further increased after injection of IL‑6. The expression 
levels of these factors were significantly reduced after using 
IL‑6 receptor inhibitors (Fig. 7).

Discussion

Since the widespread use of cardiac reperfusion therapy, 
the survival rate of patients with myocardial infarction has 
significantly increased. Despite this, congestive heart failure 
caused by remodeling of the is still a significant clinical 
problem (31‑34). The prognosis of these patients is similar 
to those of numerous patients suffering from end‑stage 
malignancies (35,36). The prognosis of patients with heart 

Figure 6. Histological and immunohistological analyses. (A, D, G and J) HE staining shows the inflammatory response of the cardiomyopathy in rats and 
myocardial necrosis. The myocardial tissue of (A) the N group showed that the morphology of myocardial cells was complete and the boundaries were clear. 
The (D) LINS groups and (G) LIIL groups saw a large number of inflammatory cells in particular infiltrate the infarcted area, accompanied by removal of 
disrupted ventricular tissue. These pathological phenomena were significantly reduced in the (J) LIILR group, and local vascular reactivation and residual 
heart muscle could be observed. Representative images of immunohistochemical staining of IL‑6 (brown blots) in heart tissues of rat at 2 weeks are shown 
as (B), (E), (H) and (K), respectively. The number of positive expression particles in the LIIL group was the largest, followed by the LINS group and the 
LIILR, where they were significantly reduced, and the N group, where it was rare. TGFβ1 immunized dyeing in myocardial tissue was sepia particles, mainly 
distributed in the infarction region, the number of positive expression particles was the largest in the (I) LIIL group, followed by the (F) LINS group, (L) LIILR 
group significantly reduced and the (C) N group was rare. HE, hematoxylin and eosin; IHC, immunohistochemistry; N group, normal control group; LINS 
group, LAD ligation with an injection of normal saline group; LIIL group, LAD ligation with an injection of IL‑6 recombinant protein group; LIILR group, 
LAD ligation with injection of IL‑6 receptor inhibitor group.
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disease is heavily influenced by left ventricular remodeling. 
Among its manifestations are myocardial fibrosis, dilation of 
the ventricles and myocardial dysfunction. An infarct‑related 
remodeling may occur early (within 72 h) or late (after 72 h), 
which causes further progressive expansion of the early infarct 
size, left ventricular dilatation, left ventricular wall fibrosis 
and permanent collagen scarring. Significantly prolonged 
remodeling causes fibrous tissue necrosis and a large amount 
of necrotic material to be deposited, further aggravating the 
process and resulting in a vicious cycle. In clinical terms, this 
manifests as cardiac insufficiency (37).

The present study demonstrated that, compared with the 
normal control group (N group), a typical left ventricular 
remodeling occurred in the LINS group at postoperative 
week, with a significant expansion of LVEDD. Consequently, 
left ventricular pump function was also significantly reduced. 
After 2 weeks, the changes in the LINS group were aggra‑
vated, causing the animal survival rate to decrease further. 
In addition to observing the structural remodeling of the 
left ventricle, the remodeling of myocardial tissue structures 
in the left ventricle were observed, indicating that myocar‑
dial necrosis, local inflammation and collagen deposition 
were still occurring. The same left ventricular remodelling 
processes were observed after IL‑6 was injected into the 
infarct area. The IL‑6 inhibitor caused a notable decrease 
in remodeling. These results indicated that IL‑6 was an 
important cytokine in cells, playing an important role in the 
occurrence and development of left ventricular remodeling. 

The results also confirmed that IL‑6 antagonists, such as 
Tocilizumab, could vastly improve the prognosis of patients 
with myocardial infarction by inhibiting the overall cardiac 
infarct remodeling.

The present study observed that the mortality of the 
infarcted rats in the LIIL group receiving IL‑6 injection was 
higher compared with that in the other groups, while the 
mortality in the LIILR group injected with the IL‑6 receptor 
inhibitor decreased. Cardiac function (LVEF and LVFS) was 
progressively decreased in rats after acute myocardial infarc‑
tion. Infusion of IL‑6 further impaired cardiac function (LIIL 
group), while injection of IL‑6 receptor antagonist prevented 
heart function decline of the infarcted rats (LIIL group), which 
suggested that such an antagonistic mechanism was a poten‑
tially therapeutic preventive target. This would be suitable for 
post‑infarction patients with high IL‑6 levels.

In the present study, cardiovascular function was similar 
between the LINS and LIIL groups, and left ventricular 
remodeling developed similarly. LVEDD and LVESD 
increased in both post‑induced infarction (LAD ligation, 
LINS group) and the IL‑6‑added group (LIIL group). As a 
result of the injection of IL‑6 inhibitor (LIILR group), both 
LVEDD and LVESD demonstrated measurable improve‑
ments in overall cardiac function after myocardial infarction. 
Furthermore, was demonstrated that IL‑6 played an important 
role in post‑infarction patients, since injection of IL‑6 also led 
to typical post‑infarction changes in clinical outcomes that are 
associated with loss of cardiac function.

Figure 7. Detection of IL‑6, TGFβ1, MMP‑2 and MMP‑9 by ELISA. N group, n=20; LINS group, n=13; LIIL group, n=10; LIILR group, n=18. N group, normal 
control group; LINS group, LAD ligation with an injection of normal saline group; LIIL group, LAD ligation with an injection of IL‑6 recombinant protein 
group; LIILR group, LAD ligation with injection of IL‑6 receptor inhibitor group.
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Moreover, induced infarction through LAD ligation 
increased the inflammation index (MPO) and oxidative stress 
index (ROS). These changes were confirmed by pathological 
analysis, which demonstrated a local inflammatory reaction 
and collagen formation in the infarcted myocardium. Injection 
of IL‑6 aggravated these pathological changes and expanded 
the infarction area. Injection of IL‑6 receptor inhibitors signifi‑
cantly reduced local myocardial inflammation and the collagen 
content. Therefore, the physiological changes described as 
aforementioned are based on local histological improvement 
due to IL‑6 inhibition, suggesting that IL‑6 inhibitors could 
be of importance to post‑MI patients. The treatment prevented 
a rapid expansion of the potentially permanently destroyed 
infarction area (thus losing cardiac function) and significantly 
reversed the infarction‑caused dilapidation of the cardiac 
tissue. Several post‑infarction syndromes result from this, such 
as arrhythmia, Dressler's syndrome and cardiac insufficiency. 
The severity of these conditions significantly impacts patient 
quality of life (38,39).

The LAD ligation that caused the myocardial infarction 
also caused an increase in the expression of local myocardial 
inflammatory factors TGFβ1, MMP2 and MMP9. TGFβ1 is 
a leading player in the apoptotic cascade (40,41). Previous 
studies have indicated a close relationship between IL‑6 and 
TGFβ1, where the latter induces phosphorylation of SMAD‑2, 
phosphorylated SMAD‑2, and SMAD‑4 formation in intes‑
tinal epithelial cells (41,42). The complex downregulates 
IL‑6 signaling (43). In the present study, IL‑6 significantly 
upregulated the expression of TGFβ1 in infarcted hearts, while 
the injection of IL‑6 receptor inhibitor significantly reduced 
its expression, suggesting that TGFβ1 may be involved as a 
notable gene downstream of IL‑6.

Notably, IL‑6 injections increased their levels further, 
while adding IL‑6 receptor inhibitors also decreased them. In 
acute ischemia, these inflammatory factors activate fibroblasts, 
enhancing their ability to synthesize and secrete collagen. 
Furthermore, some fibroblasts undergo degeneration and 
necrosis, releasing cellular debris, further inducing the forma‑
tion of collagen fibers and their deposition. Myocardial tissue 
remodeling ends once the tissue environment balances inflam‑
matory factors with fibroblasts. Inhibition of this dynamic 
process and acceleration of the time‑to‑balance result in less 
myocardium losing its original state and thus less functional 
loss (42‑45).

The present study revealed that injection of IL‑6 receptor 
inhibitor led to a significant reduction in the observed 
expression of IL‑6 and TGFβ1 (LIILR group). Thus, the 
detrimental effect of TGFβ1 was reduced by a reduction in 
the collagen content in the damaged infarction area, avoiding 
further sequelae. In another study, strictly linked to myocar‑
dial infarction, non‑alcoholic fatty liver disease (NAFLD), 
the fibrotic effect of TGFβ1 is more pronounced, as evident 
from previous studies (46‑49) Furthermore, in NAFLD, the 
pro‑inflammatory cytokine IL‑6 plays an important role in 
increasing its serum concentration, likely inducing the produc‑
tion of a large amount of collagen fiber and their deposition 
via TGFβ1 (50‑52). It is TGFβ1 that subverts Th1 and Th2 
differentiation in response to IL‑6, resulting in T cells. TGFβ1 
in the context of an inflammatory cytokine milieu supports 
de novo differentiation of IL‑17‑producing T cells (53). Il‑17 

is also central to the atherosclerosis process and is a potential 
driver of myocardial infarction (54).

MMP belongs to the Zn‑dependent protease family and 
can degrade extracellular matrix (ECM) components. The 
tissue inhibitor of metalloproteinase (TIMP) acts oppositely 
to MMP, inhibiting the degradation and thus regulating the 
content of ECM. The factors that influence the dynamic 
balance of MMP and TIMP are generally considered to be 
mainly TNF‑α, EGF and TGF‑α. Upregulation of the expres‑
sion levels of these factors leads to an increase in the ratio 
of MMP/TIMP. The degradation rate is greater compared 
with the synthesis rate, resulting in a decrease in ECM, 
which leads to interstitial filling of the fibers, interstitial 
fibrosis and ultimately ventricular remodeling (11,31). After 
treatment with IL‑6, the level of MMP2/9 in the homogenate 
of myocardial tissue also increased, and the IL‑6 receptor 
inhibitor treatment significantly reduced both indices 
and local tissue fiber content. Similar changes were also 
observed. The present study indicated that, unlike common 
tissue necrosis factors such as TNF‑α, EGF and TGF‑α, 
the inflammatory mediator IL‑6 was also a principal factor 
affecting ECM in infarcted hearts. Degradation of the ECM 
imbalance and the synthesis of ECM are key factors that lead 
to organ fibrosis. Additionally, IL‑6 may also affect infarct 
remodeling by regulating MMP2/9.

In conclusion, the results of the present study provided a 
novel therapeutic target for left ventricular remodeling after 
clinical myocardial infarction.
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