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While current coronary intervention therapies and surgical bypass procedures are widely utilized, the 
treatment of acute myocardial infarction (AMI) in the elderly continues to pose significant challenges. 
Following AMI, the body’s immune system is activated, resulting in the release of inflammatory 
mediators that exacerbate myocardial damage. Interleukin 28A (IL28A) and interleukin 28B (IL28B) 
may play a role in immune regulation post-AMI by specifically binding to interleukin 28 receptor alpha 
(IL28RA). However, the precise underlying mechanisms remain incompletely understood. This study 
aims to investigate the levels of IL28A and IL28B following AMI, as well as the protective effects 
of inhibiting IL28RA expression in the context of AMI and its potential mechanisms. We analyzed 
serum samples from 55 patients with AMI and 41 control individuals using ELISA to evaluate the 
levels of IL28A and IL28B, as well as to assess their correlation with the clinical parameters of the 
patients. Additionally, we established a mouse model of AMI and employed intramyocardial injection 
of lentivirus to knock down IL28RA in the myocardium. Echocardiography was utilized to compare 
structural and functional changes, while HE staining was conducted to analyze the infarct area and 
assess changes in myocardial tissue and cell morphology. The expressions of IL28A, IL28B, IL28RA, and 
JAK1/STAT1 pathway-related proteins in the infarct area were compared through immunofluorescence 
and Western blot analysis. Finally, TUNEL staining and the BAX/Bcl2 ratio were utilized to evaluate 
cardiomyocyte apoptosis. The study demonstrated that serum IL28A levels in patients with AMI were 
significantly elevated compared to those in normal controls, whereas IL28B levels were significantly 
reduced. Additionally, both IL28A and IL28B levels exhibit a linear relationship with high-density 
lipoprotein (HDL) and body mass index (BMI). In a mouse model, cardiac function deteriorated and 
ventricular structural changes were observed 14 days post-myocardial infarction relative to controls. 
The expressions of IL28A and IL28RA were significantly upregulated in the myocardium of the 
infarcted area, while IL28B levels showed no significant variation. Additionally, the ratios of p-JAK1/
JAK1 and p-STAT1/STAT1 were significantly increased, accompanied by a notable rise in apoptotic 
cells within the myocardial infarction area. Importantly, the knockdown of IL28RA expression in the 
infarcted region effectively mitigated these alterations. These results suggest that IL28A but not IL28B 
contributes to the process post-AMI and may induce cardiomyocyte apoptosis through the JAK1/STAT1 
pathway in conjunction with IL28RA.
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With changes in people’s living environments and increasing social pressures, the incidence rate of acute 
myocardial infarction (AMI) is rising. Although current coronary intervention therapies and surgical bypass 
procedures are widely employed, treatment for the elderly remains challenging. Additionally, preventing and 
managing cardiac dysfunction following myocardial infarction has become a significant issue for clinicians. 
Ventricular remodeling begins within hours of AMI onset and persists throughout the chronic phase of 
cardiac insufficiency, playing a crucial role in its development. Therefore, a thorough investigation of the 
pathophysiological processes involved in ventricular remodeling after myocardial infarction, along with the 
exploration of more effective intervention targets, is essential for preventing and treating ventricular remodeling 
and improving chronic cardiac dysfunction.

Following AMI, the immune system is activated, resulting in aseptic inflammation and the release of 
inflammatory mediators and reactive oxygen species, which exacerbate myocardial damage and contribute to the 
progression of heart failure. The activation of the immune system, particularly adaptive immunity, is crucial for 
mediating myocardial repair and remodeling1,2. Adaptive immunity encompasses the activation, proliferation, 
and differentiation of antigen-specific T and B lymphocytes, which secrete various cytokines, including 
interferons, to exert biological effects. This immune response plays a significant role in the pathophysiology of 
AMI3. Interferons released by T cells upon antigen stimulation exhibit broad-spectrum antiviral, antitumor, and 
immune regulatory functions. Traditionally classified into IFN-α, IFN-β, and IFN-γ, a novel class of cytokines 
known as IFN-λ has garnered increasing attention in recent years. The human IFN-λ family comprises four 
functional genes: IFN-λ1, IFN-λ2, and IFN-λ3 (also referred to as IL29, IL28A, and IL28B), along with one 
pseudogene, IFNL44. Mice possess two functional genes, IL28A and IL28B, in addition to the pseudogene 
IFNL4. The receptor complex for IFN-λs is a heterodimer formed by IL28RA and IL10RB. IL28RA, as a specific 
receptor for IFN-λ, plays a pivotal role in immune regulation across various diseases upon binding with IFN-λ.

Our previous studies have noted an upregulation of IL28RA expression in cardiomyocytes under conditions 
of ischemia and hypoxia. By downregulating IL28RA expression, cardiomyocyte apoptosis was effectively 
inhibited, offering protection against myocardial injury5,6. However, the precise mechanism through which 
IFN-λ interacts with IL28RA and induces cell damage post-AMI remains elusive. This research aims to assess 
IL28A/B levels in the serum of myocardial infarction patients and investigate changes in IL28A/B post-AMI. 
Furthermore, a mouse model of AMI with reduced IL28RA expression will be utilized to delve deeper into the 
specific mechanisms governing the IL28A/B and IL28RA interaction post-AMI. The findings of this study will 
establish a theoretical groundwork for immunotherapy targeting myocardial injury post-AMI and offer novel 
insights for the clinical management and treatment of heart failure.

Materials and methods
Human samples
A total of 55 patients with AMI and 41 healthy controls were selected from Jinling Hospital, Medical School of 
Nanjing University. According to the fourth edition of the “Global Definition of Myocardial Infarction” standards, 
AMI is defined as acute myocardial injury, characterized by an increase and/or decrease in serum troponin levels 
that exceeds the 99th percentile of the upper limit of normal reference values at least once. Additionally, there 
must be evidence of acute myocardial ischemia, which may include: (1) symptoms indicative of acute myocardial 
ischemia; (2) new ischemic changes observed on electrocardiograms; (3) the formation of pathological Q waves; 
(4) imaging examinations revealing new myocardial necrosis or local wall motion abnormalities consistent 
with an ischemic etiology; and (5) confirmation of intracoronary thrombosis through coronary angiography 
or intraluminal imaging, while excluding autoimmune and infectious diseases. Informed consent was obtained 
from all participants, and the study adhered to the principles of the Declaration of Helsinki.

The serum of all patients was within 14 days after AMI. Blood samples were collected from all participants 
after an overnight fast, and serum was stored at -80 °C for metabolite analysis. Socio-demographic information 
such as age, sex, height, weight, and medical history (including tobacco use, hypertension, and diabetes) was 
gathered from both the AMI and control groups.

Enzyme-linked immunosorbent assay (ELISA)
Blood samples were collected, and serum samples were obtained by centrifuging the blood samples at 3500 rpm 
for 10 min. The supernatant was carefully collected and immediately stored at − 20 °C until further analysis. The 
activity levels of IL28A (YJ027398) and IL28B (YJ027397) in the serum were determined using commercially 
available kits (Enzyme-linked Biotechnology, Shanghai, China) following the manufacturer’s instructions.

Establishment of the myocardial infarction mouse model
The experimental animals used in this study were purchased from the Animal Experiment Center of Nanjing 
Medical University. Male C57BL/6JNifdc mice (6–8 weeks old, weighing 20–25 g) were housed in a standard 
vivarium maintained at a temperature of 23 ± 2 °C. They were provided with ad libitum access to food and water 
throughout the duration of the experiment. All animal procedures were carried out in compliance with the 
National Institutes of Health Guidelines for the Care and Use of Laboratory Animals. The study protocols were 
approved by the Animal Ethics Committee of Jingling Hospital, Nanjing University, China.

In the AMI group, mice were anesthetized with isoflurane, and a left thoracotomy was performed using a 
7–0 Prolene suture (Ethicon, Inc., Somerville, NJ, USA) to permanently ligate the left anterior descending artery 
(LAD). Mice in the sham group also underwent thoracotomy but did not receive LAD ligation. In the shRNA 
knockdown group, 3–5 µL of lentivirus was injected at three points in the myocardial infarction area following 
ligation. All surgeries were conducted under sterile conditions to minimize the risk of infection. The specific 
process is shown in Fig. 1.
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Cardiac structure or function detection by echocardiography
The mice were divided into five groups: normal control group, sham operation group, AMI group, 
AMI + shIL28RA group, and AMI + shNC group. Cardiac function was assessed in each group using a high-
resolution small animal ultrasound system with a 20–23.5  MHz ultrasound probe. Ventricular wall motion 
was evaluated by imaging the long axis of the left ventricle and the short axis of the left ventricular papillary 
muscles along the left sternal border. Parameters such as left ventricular ejection fraction (EF%), left ventricular 
fractional shortening (FS%), left ventricular mass (LV Mass), left ventricular anterior wall thickness at end-
diastole and end-systole (LVAW;d, LVAW;s), and left ventricular posterior wall thickness (LVPW;d, LVPW;s) 
at end-diastole and end-systole were recorded and calculated. Each measurement was taken over three cardiac 
cycles and averaged for subsequent analysis.

TTC staining
After 24 h of ligation, the mice were euthanized by cervical dislocation, and their hearts were promptly removed 
and frozen at -80 °C. The ventricular tissue was then cut into four sections perpendicular to the heart’s long axis. 
Each heart section was individually incubated in a 24-well culture plate with a 1% triphenyl tetrazolium chloride 
(TTC) solution at 37 °C for 15 min, using a kit from KeyGen Biotech, Nanjing, China. Subsequently, the sections 
were photographed with a digital camera. Computerized planimetry was utilized to determine the infarct size 
areas, which were calculated as the ratio of the infarct area to the total area and expressed as a percentage. To 
reduce the impact of subjective factors on the experimental outcomes, the personnel responsible for conducting 
the TTC staining were kept unaware of the study group assignments.

HE staining
Heart tissue samples were collected on the 14th day post-surgery. Following embedding in paraffin, the tissue 
was sliced into 5 μm sections. Subsequently, routine dewaxing was performed, followed by staining with eosin 
for 2 min using the HE staining kit. The tissue was then rinsed with running water for 5 min, stained with 
hematoxylin for 10 min, and rinsed again for 10 min. Differentiation solution was applied for 30 s, followed by 
a 2-min rinse with running water. The tissue was then stained with blue-returning solution for 30 s, rinsed for 
10 min, and cardiac damage post-AMI was observed after sealing.

Plasmid construction and lentivirus production
Plasmid Construction: The lentiviral vectors expressing short hairpin RNA (shRNA) targeting the sequence 
of IL28RA gene and a negative control (refer to Table 2) were synthesized and cloned into the GV493 (pFU-
GW-016) vector with BsmBI sites (purchased from Shanghai Genechem Co., Ltd.). The recombinant vector was 
confirmed by DNA sequencing.

Lentivirus Production: The viral vectors were transfected into 293  T cells using Lipofectamine 2000 
(Invitrogen, Thermo Fisher Scientific, Inc.) along with two helper plasmids, psPAX2 and pMD2.G. Infectious 
lentiviruses were harvested 72 h post-transfection, underwent rapid centrifugation to remove cell debris, and 
then filtered through 0.45 μm cellulose acetate filters. The virus titer was determined by fluorescence-activated 

Fig. 1. A flow chart detailing the animal experiment is presented. A total of 24 male C57BL/6 mice, aged 
6–8 weeks and weighing between 20 and 25 g, were utilized to establish a myocardial infarction model for the 
screening of IL28RA knockdown lentivirus (A). Subsequently, 52 C57BL/6 mice were randomly assigned to 
one of the following groups: (1) Ctrl group, (2) Sham group, (3) AMI group, (4) AMI + shIL28RA group, and 
(5) AMI + shNC group (B).
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cell sorting analysis of GFP-positive 293  T cells and was approximately 1 × 109 transducing units (TU)/mL 
medium. The lentiviruses were stored at − 80 °C for further use.

Immunofluorescence staining
Slices of mice tissues were washed with ice-cold phosphate-buffered saline (PBS), fixed in 4% paraformaldehyde, 
and permeabilized with 0.1% Triton X-100 in PBS for 30 min. Subsequently, the slices were blocked with 5% 
bovine serum albumin, followed by overnight incubation at 4 °C with primary antibodies against IL28A (YT5305, 
ImmunoWay, USA), IL28B (PA5-103439, Invitrogen, USA), and IL28RA (PA5-98608, Invitrogen, USA) at a 
dilution of 1:200. After the primary antibody incubation, the slices underwent incubation with Alexa Fluor 
488-conjugated goat anti-rabbit secondary antibody (RS3211, ImmunoWay, USA) at a dilution of 1:200 for 2 h. 
Nuclei were stained with DAPI, and fluorescence imaging was conducted using a digital pathology slide scanner 
(Pannoramic 250 MIDI, 3DHISTECH, Hungary). To minimize potential bias in the experimental results, the 
individuals performing the immunofluorescence experiments were blinded to the MI status of the samples.

Western blot analysis
Heart tissue samples from the infarcted area were homogenized in RIPA buffer and centrifuged at 12,000 rpm 
for 20 min at 4 °C. The protein concentration in the supernatant was determined using the BCA method. Equal 
amounts of protein (36  µg) were loaded onto 6% or 10% SDS-PAGE gels for electrophoresis. The separated 
proteins were transferred to polyvinylidene fluoride (PVDF) membrane by electroblotting. Subsequently, the 
membrane was blocked with QuickBlockTM Western (Beyotime, p0252) for 20  min at 4  °C, and incubated 
overnight at 4  °C with primary antibodies against IL28RA (PA5-98608, Invitrogen, USA), IL28A (YT5305, 
ImmunoWay, USA), IL28B (PA5-103439, Invitrogen, USA), JAK1 (3344P, Cell Signaling Technology, USA), 
p-JAK1 (3331S, Cell Signaling Technology, USA), STAT1 (9172L, Cell Signaling Technology, USA), p-STAT1 
(9167S, Cell Signaling Technology, USA), BAX(50599-2-lg, Proteintech, China) and Bcl2(26593-1-AP, 
Proteintech, China) at a dilution of 1:2000. After primary antibody incubation, the membranes were probed 
with HRP-labeled secondary antibodies (KeyGen Biotech, Nanjing, China) at a dilution of 1:10,000 for 2 h at 
4 °C. The immunoblots were visualized using an ultrasensitive ECL detection reagent (Vazyme Biotech, Nanjing, 
China) and analyzed using ImageJ Software.

TUNEL staining
The mice ischemic myocardium was collected and fixed in a 4% paraformaldehyde solution. Myocardial apoptosis 
was assessed through Terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick end 
labeling (TUNEL) staining using a Fluorescein In Situ Cell Death Detection Kit (KeyGen Biotech, Nanjing, 
China), following the manufacturer’s instructions. Five randomly selected fields were observed per tissue slice 
under a digital pathology slide scanner (VS200, Olympus, Japan) to quantify the extent of cell apoptosis by 
calculating the ratio of TUNEL-positive nuclei to nuclei stained with DAPI. To ensure objectivity, personnel 
performing the TUNEL staining experiments were unaware of the myocardial infarction status of the samples.

RNA extraction, reverse transcription, and quantitative PCR (RT-qPCR)
Total RNA was extracted from the myocardium of the infarcted area in mice using Trizol (Invitrogen, CA, USA), 
following the manufacturer’s instructions. Subsequently, the extracted RNA was reverse transcribed into cDNA 
using PrimeScript RT Master Mix (Vazyme, Nanjing, China). The cDNA was then quantified via SYBR green 
real-time PCR with 500 nM primers on QuantStudio™ 5 (Thermo Fisher), with ARPPPO serving as the reference 
gene. The primer sequences used for RT-qPCR as follow: Arpppo: F:  G A A A C T G C T G C C T C A C A T C C G, R:  G 
C T G G C A C A G T G A C C T C A C A C G; IL28RA: F:  C A G A A A C G T G A C A C T C T T C T C C, R:  C T G C A C A A T G C T C 
C A C T G G.

Statistical analysis
All data were statistically analyzed using SPSS 22.0 software. Normally distributed data were presented as 
mean ± standard deviation (x̅ ± s), and the t-test was used for comparing two groups. Non-normally distributed 
data were expressed as median (interquartile range), and the rank sum test was used for the comparison between 
two groups. The chi-squared test was applied for the analysis of count data. Differences among four groups 
were evaluated using one-way analysis of variance (ANOVA), followed by Tukey’s post-hoc test for pairwise 
comparisons. Pearson correlation analysis was employed to assess the correlation between IL28A/IL28B and 
baseline indicators. A significance level of P < 0.05 was considered statistically significant. Graphs were generated 
using GraphPad Prism 5 software (GraphPad Software, La Jolla, CA, USA).

Results
AMI patients’ characteristics and serum indicators
The study population consisted of 22 patients with AMI and 19 healthy controls. Both groups were assessed for 
basic characteristics such as age, gender, BMI, smoking status, hypertension, and diabetes. The analysis revealed 
no significant differences in age, gender, smoking, and diabetes (P > 0.05), but significant disparities in BMI and 
hypertension (P < 0.05) between the groups. When comparing myocardial infarction indicators like high-density 
lipoprotein (HDL), cardiac troponin T(cTnT), cardiac troponin I (cTnI), and creatine kinase isoenzymes (CK-
MB), significant differences were noted (P < 0.05). Conversely, there were no statistically significant variances 
in triglycerides (TG), total cholesterol (TC), and low-density lipoprotein (LDL) levels between the patient and 
control groups. A detailed breakdown of these measurements can be found in Table 1.
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Correlation between IL28A and IL28B levels and indicators in acute myocardial infarction 
patients
To examine changes in IL28A and IL28B levels in the serum of AMI patients, we conducted ELISA analyses 
to measure the concentrations of these cytokines. Our results demonstrated a notable increase in IL28A levels 
among AMI patients compared to the control group, while IL28B levels were significantly decreased in AMI 
patients relative to the control group. Interestingly, we observed that IL28A levels remained elevated from 48 to 
120 h (see Fig. 2A and C).

Fig. 2. This study investigates the relationship between IL28A and IL28B levels, clinical indicators, and the 
timing of myocardial infarction. It includes a comparison of IL28A and IL28B levels in patients who have 
experienced myocardial infarction versus control subjects (A). Additionally, it examines the correlation 
between IL28A and IL28B levels and various clinical parameters, including BMI, HDL, cTnT, cTnI, and CK-
MB (B). Furthermore, the study explores the temporal changes in IL28A and IL28B levels in relation to the 
progression of myocardial infarction (C) (*P < 0.05, **P < 0.01, ****P < 0.0001).

 

AMI (n = 55) Control (n = 41) P-value (AMI vs. Control)

Demographic characteristics

 Age (y) 58.42 ± 5.32 56.95 ± 8.05 0.315

 Female (n) 17 8 0.208

 BMI (kg/m2) 26.67 ± 2.21 24.54 ± 1.81 0.000

 Smoking (n) 19 11 0.420

 Hypertension (n) 42 20 0.005

 Diabetes (n) 12 4 0.117

Serum indicators

 TG (mmol/L) 4.94 ± 0.92 4.94 ± 0.86 0.994

 TC (mmol/L) 1.99 ± 0.98 2.25 ± 1.17 0.249

 LDL (mmol/L) 2.67 ± 0.71 2.55 ± 0.36 0.509

 HDL (mmol/L) 0.92 ± 0.28 1.47 ± 0.26 0.000

 cTnT (ng/ml) 0.89 ± 1.12 0.005 ± 0.001 0.000

 cTnI (ng/ml) 24.26 ± 18.89 0.02 ± 0.00 0.000

 CK-MB (ng/ml) 60.44 ± 46.66 10.34 ± 2.82 0.000

Table 1. Baseline and clinical characteristics of the population.
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After identifying significant statistical differences in BMI, hypertension, HDL, cTnT, cTnI, and CK-MB 
between the AMI group and the control group, further analysis was conducted to investigate the correlation 
between IL28A/IL28B and these indicators. The findings revealed a negative correlation between IL28A and 
HDL, as well as between IL28B and BMI, cTnT, cTnI and CK-MB. Conversely, a positive correlation was observed 
between IL28A and BMI, cTnI, and between IL28B and HDL (P < 0.05) (see Fig. 2B).

IL28RA knockdown ameliorates cardiac dysfunction and tissue damage post-AMI in mice
To suppress the expression of IL28RA, three lentivirus-packaged shRNAs were designed to interfere with IL28RA 
expression (refer to Table 2). The lentivirus with the highest knockdown efficiency was identified using the AMI 
mouse model. IL28RA expression was assessed via WB and RT-qPCR, revealing that shIL28RA-3 exhibited 
the highest knockdown efficiency. Subsequent experiments were carried out using this specific lentivirus (see 
Fig. 3B and Supplementary Information 1 and 2).

The mice in the study were divided into five groups: normal control group (Ctrl), sham operation group 
(Sham), AMI group (AMI), AMI + shIL28RA group (AMI + shIL28RA), and AMI + shNC group (AMI + shNC). 
M-mode echocardiography results showed normal findings in the normal control and sham operation groups, 
with the heart displaying coordinated and strong contractions, and normal wall thickness. The electrocardiogram 
(ECG) exhibited a normal QRS wave. However, in the AMI and AMI + shNC groups, wall motion weakened, 
disappeared, or even reversed. The left ventricular wall showed ball-like expansion, and abnormal QRS waves 
and various arrhythmias were observed in the ECG (see Fig. 4A). Compared with the sham operation group, 
EF%, FS% and LVPWs values were significantly reduced, and LVmass was significantly increased; knocking 
down IL28RA expression in the myocardium could rescue these changes (P < 0.05). LVPWd, LVAWs and LVAWd 
did not show statistically significant differences among the groups (P > 0.05) (see Fig. 4B).

Histological analysis using HE staining on the 14th day post mouse AMI showed that the myocardial tissue in 
the AMI group displayed notable nuclear pyknosis, cytoplasmic dissolution, and disordered texture. Knocking 
down IL28RA in mice from the AMI group led to a rescue of these myocardial changes, resulting in a significant 
reduction in the area of myocardial tissue damage compared to the AMI group (P < 0.05) (see Fig. 5).

Downregulation of IL28RA Alters IL28A and IL28RA expression in the myocardium following 
AMI
To investigate the potential role of IL28A, IL28B, and IL28RA in regulating cardiomyocytes after AMI in an in 
vivo setting, we utilized an experimental AMI model. After 24 h of ligation, TTC staining was performed on 
the myocardial infarct area, and graphical representation of the myocardium was carried out to confirm the 
successful modeling of the myocardial infarction (see Fig. 3A).

Following left thoracotomy ligation for 14 days, immunofluorescence staining was conducted, revealing a 
significant increase in the expression of IL28A and IL28RA around the nucleus of cardiomyocytes (P < 0.05). 
However, there was no significant increase in the expression of IL28B observed (see Fig.  6). These findings 
suggest a potential role of IL28A and IL28RA in the regulation of cardiomyocytes following AMI.

When we downregulated IL28RA expression in the myocardial infarction area, we observed a significant 
reduction in the expression of IL28A and IL28RA compared to the AMI + shNC group. However, there was no 
significant change in the expression of IL28B (see Fig. 6).

Fig. 3. The AMI model was successfully established (A), and the lentivirally packaged shRNA with the 
highest knockdown efficiency was selected. A non-targeting shRNA (shNC) served as the control, while three 
shRNAs were designed to target IL28RA. At the mRNA level, shIL28RA-1, shIL28RA-2, and shIL28RA-3 all 
demonstrated the ability to knock down IL28RA. At the protein level, only shIL28RA-3 showed a significant 
reduction in the protein expression of IL28RA (B). (*P < 0.05, **P < 0.01, ****P < 0.0001).

 

NO Target Seq

shIL28RA-1  G A C T C C T C A T A T A A G G A T G A A

shIL28RA-2  C C C A G A A G G A A C T G A C C A T A A

shIL28RA-3  T C C A A G T T C A A A G G A C G A G T A

shNC  T T C T C C G A A C G T G T C A C G T

Table 2. Target sequence.
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IL28A-IL28RA induce cardiomyocyte apoptosis by activating JAK1/STAT1 signaling pathway
To further understand the signaling pathways activated by the combination of IL28A/IL28B and IL28RA, we 
observed a significant increase in the expression of IL28A and IL28RA following AMI (P < 0.05). Additionally, 
the ratios of p-JAK1/JAK1 and p-STAT1/STAT also showed a notable increase (P < 0.05). Furthermore, in the 
AMI + shIL28RA group, there was a significant decrease in the expressions of IL28A and IL28RA compared to 
the AMI + shNC group, along with a notable decrease in the p-JAK1/JAK1 and p-STAT1/STAT ratios (P < 0.05). 
The expression of IL28B in myocardium did not change significantly in each group (P > 0.05) (see Fig. 7 and 
Supplementary Information 1 and 2).

To evaluate apoptotic cells in cardiomyocytes, we conducted TUNEL staining and assessed the expression of 
apoptosis-related proteins BAX and Bcl2. Compared to the control group, the acute myocardial infarction (AMI) 
group exhibited a higher number of TUNEL-positive cells and an elevated BAX/Bcl2 ratio, indicating increased 
apoptosis. Notably, in comparison to the AMI + shNC group, the AMI + shIL28RA group showed a significant 
reduction in the number of positive cells, along with a decreased BAX/Bcl2 ratio. These findings suggest that 
downregulating IL28RA expression in the myocardial infarction area may alleviate apoptosis (see Fig. 8 and 
Supplementary Information 1 and 2).

Discussion
Although advancements in the treatment of AMI are ongoing, many patients still do not receive optimal 
treatment in a timely manner, leading to irreversible damage to the heart muscle. While the acute inflammatory 
response in myocardial infarction has been extensively studied, it is now increasingly recognized that the 
subsequent adaptive immune response can exacerbate myocardial damage7. Excessive tissue necrosis following 
an AMI can trigger this adaptive immune response, resulting in a significant increase in B cells and T cells 
in the blood vessels8. The prolonged presence of antigen-specific T and B cells may cause sustained low-level 
tissue damage, cardiomyocyte apoptosis, and eventually heart failure3. Adaptive immunity is closely linked to 
the IL-10 cytokine family, which includes IL-10, IL-19, IL-20, IL-22, IL-24, IL-26, as well as the distantly related 
IL28A, IL28B, and IL-299,10. Among these, IL-10, known for its anti-inflammatory properties, can help regulate 
excessive inflammation and reduce damage post-myocardial infarction. In a study involving mice induced with 
myocardial infarction, those injected with recombinant mouse IL-19 showed reduced infarct size and decreased 

Fig. 4. Heart function, ventricular structure, and weight of mice in five groups were assessed with a focus 
on presenting the longitudinal sections for analysis. Echocardiograms from each group were found to be 
representative, and various parameters such as left ventricular ejection fraction (EF%), left ventricular 
fractional shortening (FS%), left ventricular mass (LV Mass), left ventricular anterior wall thickness at end-
diastole and end-systole (LVAW;d, LVAW;s), and left ventricular posterior wall thickness (LVPW;d, LVPW;s) 
were statistically analyzed. (*P < 0.05, **P < 0.01, ****P < 0.0001).
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cell apoptosis. While upregulation of IL-20 can worsen cardiomyocyte damage, IL-22 plays an indirect role in 
protecting cardiomyocytes11.

IL28A and IL28B, newly discovered from human genome sequences, have been the subject of limited research 
regarding their association with cardiovascular diseases. In this pioneering and interesting study, we evaluated 
the serum levels of IL28A and IL28B in patients following AMI. Our findings revealed a significant increase 
in IL28A levels and a notable decrease in IL28B levels post-AMI. This phenomenon could be attributed to the 
distinct functions of IL28A and IL28B, similar to IL-10, IL-19, IL-20 and IL-22 discussed previously, which 
exhibit varied roles in myocardial ischemia. Further research is needed to elucidate the specific roles of IL28A 
and IL28B in this context. Additionally, among patient characteristics and serum indicators, IL28A and IL28B 
were found to be closely associated with BMI and HDL levels. While TG, TC, LDL and HDL are well-established 
risk factors for myocardial infarction12, the specific relationship of IL28A and IL28B with TG, TC, and LDL 
levels may be influenced by the statins prescribed to the patient. Statins are known to effectively reduce TG, TC, 
and LDL levels, but their impact on HDL levels remains uncertain13. Additionally, obesity is recognized as a risk 
factor for myocardial infarction, which aligns with the findings of our study.

IL28A, IL28B, and IL-29 are referred to as IFN-λs. These cytokines, secreted by lymphocytes, play a critical 
role in immune defense at barrier surfaces. Recent research indicates elevated levels of IFN-λs in autoimmune 
and infectious diseases14–17. However, their involvement in AMI is still a topic of debate. IL28RA, the specific 
receptor for IFN-λ, modulates immune responses in various diseases upon binding with IFN-λ. Studies have 
shown that hepatocytes, epithelial cells, and salivary gland cells in patients with Sjögren’s syndrome express 
IL28RA and respond directly to IFN-λ, unlike lymphocytes and monocytes18,19. IFN-λs signal through common 
JAK/STAT pathways that are linked to IFN-I, leading to the transcription of IFN-stimulated genes4,20–22. Previous 
studies have demonstrated that inhibiting IL28RA expression in cardiomyocytes reduces apoptosis and protects 
damaged cells. In this study, we present evidence that binding of IL28A, but not IL28B, to IL28RA induces 
cardiomyocyte apoptosis via the JAK1/STAT1 pathway.

The research findings suggest that IL28RA may have distinct roles in the development of AMI. Previous 
studies have demonstrated that immune cells like dendritic cells and neutrophils express IL28RA. In the context 
of psoriasis, IL28RA has been shown to inhibit cell proliferation by halting cell cycle progression, making it a 
potential target for treating psoriasis23. In individuals with inflammatory bowel disease and in mouse models, 
there is a notable increase in IL28RA expression. Research involving IL28RA-knockout mice with colitis and 
control groups has revealed that the administration of IL28RA can enhance mucosal healing24. Additionally, 

Fig. 5. HE staining was employed to compare the myocardial tissue morphology and infarct area among 
the five groups of mice. When compared to the control group, the infarct area in the AMI group and the 
AMI + shNC group exhibited a significant increase, while the infarct area in the AMI + shIL28RA group 
showed a significant decrease. Both the AMI group and the AMI + shNC group demonstrated marked nuclear 
pyknosis, cytoplasmic dissolution, and disordered texture (black arrows). However, these pathological features 
were markedly improved in the AMI + shIL28RA group (****P < 0.0001).
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Fig. 7. Western blot analysis demonstrated the expression levels of JAK1, p-JAK1, STAT1, p-STAT1, IL28A, 
IL28B, and IL28RA in mouse heart tissue. Compared to the control group, the expression levels of p-JAK1/
STAT1, p-STAT1/STAT1, IL28A, and IL28RA were significantly elevated in the AMI group. In contrast, the 
expression levels of p-JAK1/STAT1, p-STAT1/STAT1, IL28A, and IL28RA were significantly reduced in the 
AMI + shIL28RA group compared to the AMI group. No significant differences were observed in IL28B 
between the groups. (*P < 0.05, **P < 0.01, ****P < 0.0001).

 

Fig. 6. Immunofluorescence images of IL28A, IL28B, and IL28RA expression in mouse heart tissue were 
presented. In comparison to the control group, the expression levels of IL28RA and IL28A were significantly 
elevated in the AMI group. Conversely, the expression levels of IL28RA and IL28A in the AMI + shIL28RA 
group were significantly reduced when compared to the AMI group. Importantly, no significant differences in 
IL28B expression were observed among the groups. (*P < 0.05, ***P < 0.001, ****P < 0.0001).
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the IL28RA gene is implicated in cardiovascular diseases. In a mouse model of induced cardiomyopathy using 
low-dose chlorpromazine, researchers observed a significant rise in IL28RA gene expression and cardiomyocyte 
apoptosis in myocardial tissue after continuous administration of low-dose chlorpromazine for 3 weeks25. In our 
previous study, high-throughput screening of patients with myocardial infarction identified elevated expression 
of the IL28RA gene. Subsequent cell experiments confirmed that silencing the IL28RA gene could effectively 
protect myocardial cells from hypoxia-reoxygenation and decrease cell apoptosis. Our findings suggest a potential 
link between the IL28RA gene, promotion of cardiomyocyte apoptosis, and myocardial injury. However, these 
studies did not specifically investigate the response of IL28A, IL28B, and IL28RA following AMI.

To further explore the impact of IL28A and IL28B on cardiomyocytes post-AMI and the mechanism of 
cardiomyocyte apoptosis triggered by their interaction with IL28RA, an AMI mouse model was established. 

Fig. 8. Cell apoptosis rate of TUNEL staining of heart tissues of the five groups of mice was evaluated. In 
comparison to the control group, there was a significant increase in TUNEL staining-positive cells in the AMI 
group. Conversely, the AMI + shIL28RA group exhibited a significant decrease in positive cells compared to 
the AMI group (A). The BAX/Bcl2 ratio was utilized to assess cardiomyocyte apoptosis. Apoptosis levels in the 
AMI group were significantly higher than those in the Ctrl group, while the AMI + shIL28RA group exhibited 
reduced apoptosis compared to the AMI + shNC group (B). (*P < 0.05, **P < 0.01, ****P < 0.0001).
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The success of the AMI model was validated through TTC staining and echocardiography. A significant 
upregulation of IL28A and IL28RA expression was observed in the myocardial infarction tissue, as validated 
through immunofluorescent staining and Western blot analysis. Furthermore, there was an increase in the levels 
of proteins linked to the JAK1/STAT1 signaling pathway, which was associated with heightened cardiomyocyte 
apoptosis. Previous studies have indicated that reducing IL28RA expression at the cellular level can effectively 
inhibit cardiomyocyte apoptosis5,6. In this investigation, mice with AMI were used to assess the impact of 
downregulating IL28RA expression in vivo. The results revealed a significant enhancement in cardiac function, 
ventricular structure, and ventricular hypertrophy in the mice. Similar to type IFN-I, IFN-λ exerts its effects 
through the JAK/STAT signaling pathway, contributing to antiviral activity and immune response activation26,27. 
These findings suggest that IL28A, rather than IL28B, may impact cardiomyocytes post-myocardial infarction 
by binding to IL28RA and inducing apoptosis through the phosphorylated JAK1/STAT1 signaling pathway 
activation (see Fig. 9).

In our study, we noted a significant decrease in IL28B levels in the serum of patients following AMI. However, 
animal experiments did not reveal substantial changes in IL28B expression in myocardial tissue in myocardial 
infarction models. Unfortunately, our study did not assess the levels of IL28A and IL28B in mouse serum, which 
may explain the observed discrepancies. These differences could be attributed to interspecies variations or 
variations in the timing of serum index detection between patients and mice with myocardial infarction. We 
hypothesize that following myocardial infarction, IL28A specifically interacts with IL28RA on cardiomyocytes, 
while IL28B may primarily affect blood flow. Presently, IL28A and IL28B are predominantly investigated in the 
context of viral hepatitis, with limited exploration of their connection to cardiovascular disease. This underscores 
the necessity for further comprehensive investigation in future research.

The specific mechanism of IL28A and IL28B function after myocardial infarction, as well as the potential 
protective effect of IL28RA gene deficiency in myocardial injury post-myocardial infarction, remains unexplored 
in our research. Future studies involving animal experiments with IL28RA gene knockout mice could provide 
valuable insights into how inhibiting IL28RA gene expression may offer protection against myocardial injury 
following myocardial infarction. Investigating the novel role of adaptive immunity in myocardial infarction 
over a longer timeframe could offer further understanding and potentially hasten the development of new 
therapeutic approaches. Continued research in this field will undoubtedly enhance our comprehension of the 
intricate immune responses and their implications on cardiac function in the context of myocardial infarction.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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