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The role of IL-17 family cytokines
in cardiac fibrosis
Liqing Huang*

Three Gorges University Hospital of Traditional Chinese Medicine & Yichang Hospital of Traditional
Chinese Medicine, Yichang, China
Myocardial fibrosis is a common pathological feature in various cardiovascular
diseases including myocardial infarction, heart failure, and myocarditis.
Generally, persistent myocardial fibrosis correlates with poor prognosis and
ranks among the leading causes of death globally. Currently, there is no
effective treatment for myocardial fibrosis, partly due to its unclear pathogenic
mechanism. Increasing studies have shown IL-17 family cytokines are strongly
associated with the initiation and propagation of myocardial fibrosis. This
review summarizes the expression, action, and signal transduction
mechanisms of IL-17, focusing on its role in fibrosis associated with
cardiovascular diseases such as myocardial infarction, heart failure,
hypertension, diabetes, and myocarditis. It also discusses its potential as a
therapeutic target, offering new insights for the clinical treatment of
myocardial fibrosis.
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1 Introduction

In recent years, the prevalence of fibrosis related diseases has markedly increased,

emerging as a significant public health concern (1). Approximately 45% of disease

related deaths are estimated to be linked to fibrosis (1, 2). Fibrosis contributes

significantly to organ dysfunction across various diseases (3). Myocardial fibrosis refers

to the excessive deposition of extracellular matrix (ECM) in the myocardial interstitium,

a common pathophysiological feature associated with numerous heart diseases (3, 4).

Myocardial fibrosis can signify either a reparative process or sustained injury. For

instance, in myocardial infarction, early replacement fibrosis helps to maintain the

intact structure of the heart. Conversely, in many cardiac pathologies like hypertensive

heart disease, aortic stenosis, and diabetic cardiomyopathy, myocardial fibrosis

represents a chronic, ongoing injury process (3).

According to homology analysis, the Interleukin 17 (IL-17) family includes IL-17A,

IL-17B, IL-17C, IL-17D, IL-17E, and IL-17F (5, 6). These IL-17 family members are

primarily derived from immune or non-hematopoietic cells and play diverse roles in

immune responses, inflammation, and fibrotic diseases (6–10). Studies have

demonstrated that in myocardial infarction, heart failure, diabetes, myocarditis, and

other conditions associated with myocardial fibrosis, the expression of IL-17 in the

heart or serum is significantly increased. Growing evidence indicates that IL-17

promotes the activation, proliferation, migration, and secretion of myocardial

fibroblasts, playing a crucial role in regulating myocardial fibrosis. Therefore, this article

aims to explore the roles and mechanisms of IL-17 family members in myocardial

fibrosis associated with various cardiovascular diseases, offering new insights for their

diagnosis and treatment.
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2 Characteristics of the IL-17
family cytokines

IL-17 was initially discovered in 1993 (5), followed by the

identification of other IL-17 family members: IL-17B, IL-17C, IL-

17D, IL-17E, and IL-17F (6). Among them, IL-17A is the most

extensively studied. The IL-17A gene is located on human

chromosome 6p12. Human IL-17A is a 35kDa homodimeric

protein (11, 12). IL-17F exhibits the highest sequence homology

to IL-17A (55%), followed by IL-17B (29%), IL-17D (25%), IL-

17C (23%), and IL-17E (16%) (6, 13). IL-17 is primarily

produced by Th17 cell subsets, with additional contributions

from γδT cells and NK cells (7).

The amino acid homology of IL-17 family members varies

among humans, mice, and rats. Mouse IL-17A is a 21kDa

glycoprotein composed of 147 amino acid residues, exhibiting

63% amino acid homology with human IL-17A (155 amino

acids) and 58% homology with rat IL-17A. Both mouse and

human IL-17A proteins are secreted as disulfide-linked

homodimers (14). In addition, other members of the IL-17

family share 70%–90% amino acid sequence consistency in mice

and humans. Specifically, in mice, IL-17B, IL-17C, IL-17D, IL-

17E, and IL-17F share 88%, 83%, 78%, 81%, and 77% amino

acid sequence similarity, respectively, with their human

counterparts (14–17). Therefore, these differences suggest that

the function and expression patterns of IL-17 may vary by

species, an important consideration in studies of the IL-17 family.

The Interleukin-17 receptor (IL-17R) family comprises five

receptor subunits: IL-17RA, IL-17RB, IL-17RC, IL-17RD, and

IL-17RE. IL-17RA acts as a co-receptor subunit, forming

heterodimer receptor complexes with other receptor subunits

(14). IL-17 family members bind to their respective IL-17

receptor complexes to mediate downstream signaling pathways

and participate in immunity, inflammation, fibrosis (6, 8–10).

Specifically, IL-17A or IL-17F binding to the IL17RA/RC

complex, IL-17B or IL-17E binding to the IL-17RA/RB complex,

and IL-17C binding to the IL-17RA/RE complex (14). Recent

studies have shown that IL-17D can bind CD93 to regulate

intestinal homeostasis (15), but the receptor subunits specific to

IL-17RD dimers remain incompletely defined.

The IL17RA/RC receptor complex mediated signaling pathway

has been extensively studied (16–18). After IL-17A/IL-17F binds to

the IL17RA/RC receptor complex, the receptor complex recruits

the signal transduction adaptor protein Act1 through its SEFIR

domain. Act1 serves as the crucial molecule for all known

downstream signaling pathways of IL-17A. Act1 rapidly recruits

and ubiquitinates TNF receptor-associated factor (TRAF)6,

activating various downstream pathways, including: the TRAF6/

TAK1/NF-κB pathway, TRAF6/MAPK/AP-1 pathway, and Act1/

TRAF6/CREB pathway, which induce transcription of IL-17A

target genes. Furthermore, Act1 promotes mRNA stabilization

post-transcription by recruiting TRAF2 and TRAF5. Ultimately,

IL-17 induces the expression of cytokines (IL-6, GM-CSF,

TNF-α), chemokines (CXCL1, CXCL2, CCL20), and matrix

metalloproteinases (MMPs), promoting inflammation and fibrosis

(14, 19–21) (Figure 1). Additionally, IL-17RB, IL-17RD, and
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IL-17RE also contain SEFIR domains, suggesting a potentially

similar activation mechanism (16, 22).
3 IL-17 family cytokines in
fibrotic diseases

The fibrotic response consists of four stages: organ damage,

effector cell activation, increased production of extracellular

matrix (ECM), and dynamic deposition of connective tissue.

Among these, the activation of effector cells is crucial, as they

secrete cytokines, chemokines, and growth factors that

establish the inflammatory foundation. Chronic and persistent

inflammation serves as a key determinant of fibrosis.

Specifically, IL-17, a pro-inflammatory cytokine, has been

implicated in various inflammatory diseases. However, its role

in the fibrosis of different organs remains complex (23). This

section will briefly discuss the contributions of IL-17 family

members to fibrotic diseases.
3.1 IL-17A

IL-17A is the most extensively studied member of the IL-17

family. While most studies indicate that IL-17 promotes organ

fibrosis, some research presents opposing conclusions. This

discrepancy suggests that the role of IL-17A in organ fibrosis is

complex and warrants further investigation. In models of

pulmonary fibrosis induced by bleomycin (BLM) and silica, the

administration of anti-IL-17A antibodies has been shown to

reduce pulmonary fibrosis and extracellular matrix (ECM)

deposition (24–26). Conversely, γδ T cells producing IL-17 have

been found to protect against BLM-induced pulmonary fibrosis

by limiting inflammation and promoting epithelial regeneration

(27). Similarly, several studies demonstrate that the absence of

IL-17 signaling contributes to atherogenic effects in ApoE−/−
mice (28–30). However, another study indicates that IL-17

deficiency may exacerbate atherosclerotic lesions in the aortic

arch of ApoE−/− mice (31). This complexity in the role of IL-

17A in fibrotic diseases is also evident in skin fibrosis (32, 33),

kidney fibrosis (34, 35), and intestinal fibrosis (36, 37).
3.2 IL-17B

Research on the role of IL-17B in fibrotic diseases is limited,

and its function remains largely unexplained. Current studies

indicate that IL-17B is associated with the occurrence and

progression of pulmonary fibrosis and systemic sclerosis.

Notably, in systemic sclerosis, there is no statistically significant

difference in serum IL-17A concentrations between systemic

sclerosis(SSc) patients and controls. However, serum levels of IL-

17B and IL-17E are elevated in patients with systemic sclerosis

compared to controls (38). Additionally, in a mouse model of

bleomycin-induced pulmonary fibrosis, IL-17B deficiency has

been shown to slow the progression of fibrosis (39).
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FIGURE 1

Pathophysiologic roles of IL-17 signaling in cardiac fibrosis. The IL-17 family cytokines include IL-17A, IL-17B, IL-17C, IL-17D, IL-17E, and IL-17F. The IL-
17A/IL-17F mediated signaling pathway has been extensively studied. After IL-17A/IL-17F binds to the IL17RA/RC receptor complex, the receptor
complex recruits the signal transduction adaptor protein Act1 through its SEFIR domain.Act1 serves as the crucial molecule for all known
downstream signaling pathways of IL-17A. Act1 rapidly recruits and ubiquitinates TRAF6, activating various downstream pathways, including: the
TRAF6/TAK1/NF-κB pathway, TRAF6/MAPK/AP-1 pathway, and Act1/TRAF6/CREB pathway, which induce transcription of IL-17A target genes.
Furthermore, Act1 promotes mRNA stabilization post-transcription by recruiting TRAF2 and TRAF5. Ultimately, IL-17 induces the expression of pro-
inflammatory and pro-fibrosis molecules and stimulate activation, proliferation, migration, and secretion of myocardial fibroblasts, thereby
aggravating cardial fibrosis. Adapted with permission from “Cell Types”, by BioRender.com (2024), licensed under Academic License. Created in
BioRender. T4, V. (2022).
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3.3 IL-17C

IL-17C is expressed in CD4T cells, dendritic cells,

macrophages, and epithelial cells, where it promotes

inflammation during antibacterial processes (40, 41). Its role in
Frontiers in Cardiovascular Medicine 03
fibrosis progression is primarily focused on pulmonary fibrosis.

In models of lung inflammation induced by Haemophilus

influenzae and cigarette smoke, IL-17C is implicated in

promoting lung neutrophil inflammation and contributing to

pulmonary fibrotic injury (42).
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3.4 IL-17D

IL-17D expression is more limited and is primarily detected in

B lymphocytes and CD4T cells. It particularly acts on endothelial

cells, regulating their secretion of pro-inflammatory factors (43).

Clinical data indicate that in a cohort of 2,032 heart failure

patients, higher plasma IL-17D concentrations are significantly

associated with atrial fibrillation, increased levels of plasma

N-terminal brain natriuretic peptide precursor, and poorer

prognosis (44). Therefore, IL-17D may mediate pro-inflammatory

and profibrotic effects.
3.5 IL-17E

IL-17E is closely associated with pulmonary fibrosis and SSc. It

is secreted by Th2 cells, epithelial cells, endothelial cells, T cells,

alveolar macrophages, dendritic cells (DC), eosinophils, and

basophils (45). Hams found increased levels of IL-17E in lung

tissue from patients with idiopathic pulmonary fibrosis,

particularly in alveolar epithelial cells and lung fibroblasts (46).

Further studies have shown that IL-17E promotes pulmonary

fibrosis by directly activating lung fibroblasts and regulating the

epithelial-mesenchymal transition (46, 47). Additionally, serum

levels of IL-17RB and IL-17RC are elevated in patients with

systemic sclerosis compared to healthy controls (48). In the

presence of IL-17E and IL-17F, the production of IL-6, MMP-1,

and MCP-1 by human healthy skin fibroblasts is enhanced in a

dose-dependent manner (49).
3.6 IL-17F

IL-17F and IL-17A share a high degree of sequence homology,

and the cells that produce IL-17F are the same as those that release

IL-17A. However, the roles of IL-17F and IL-17A in fibrotic

diseases differ. IL-17F can stimulate the release of IL-6 and CXC

chemokines from tracheal epithelial cells, inflammatory cells,

endothelial cells, and fibroblasts (50). In patients with hepatitis C

virus in the severe fibrotic stage, serum IL-17F concentrations are

significantly elevated (51). Additionally, IL-17F promotes the

mRNA expression of collagen I in fibrocytes (52). In contrast,

another study found that treatment with anti-IL-17F antibodies

had no effect on chronic intestinal inflammation and fibrosis

(53). Similarly, in an angiotensin II (Ang II)-induced mouse

hypertensive model, the administration of anti-IL-17A or anti-IL-

17RA antibodies reduced blood pressure by 30 mmHg and

lowered renal fibrosis, compared to control IgG antibodies.

However, anti-IL-17F treatment did not significantly affect blood

pressure and renal fibrosis (54).
4 Cardiac fibrosis

Myocardial fibrosis refers to excessive deposition of ECM in the

myocardial interstitium, which is a common pathological feature in
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cardiovascular diseases such as ischemic cardiomyopathy, dilated

cardiomyopathy, and heart failure. According to the different

patterns of fiber deposition, cardiac fibrosis can be divided into

three categories: (1) Replacement fibrosis: necrotic cardiomyocytes

are replaced by collagen fibers. (2) Interstitial fibrosis: In the

absence of significant loss of cardiomyocytes, ECM accumulates in

the myocardial interstitium. (3) Perivascular fibrosis: Collagen

fibers accumulate in the outer membrane of myocardial

microvessels. Replacement fibrosis often serves a reparative and

protective role, whereas interstitial and perivascular fibrosis

typically result from chronic inflammation or fibrotic stimuli,

representing ongoing primary damage processes (3). Excessive

ECM deposition under various pathological conditions can lead to

myocardial stiffness, ultimately causing myocardial systolic and

diastolic dysfunction (55).

Activated fibroblasts are the primary cells responsible for

producing ECM and promoting myocardial fibrosis (3). These

fibroblasts can transform into secretory myofibroblasts under the

stimulation of various cytokines and growth factors, thereby

inducing myocardial fibrosis (56, 57). Additionally, endothelial

cells may directly contribute to myocardial fibrosis through

endothelial-mesenchymal transition (58, 59). IL-17 plays a crucial

role in this process by inducing activation, proliferation,

migration, and secretion of myocardial fibroblasts (60, 61).

Researches indicate that primary human cardiac fibroblasts

express both IL-17RA and IL-17RC, along with IL-17A (61–63),

suggesting the presence of autocrine and paracrine IL-17

signaling in these cells. In isolated human primary myocardial

fibroblasts, IL-17 was found to stimulate MMP-1 expression

through the p38 MAPK and ERK1/2 pathways (61). Similarly, in

primary mouse cardiac fibroblasts, IL-17 was shown to enhance

proliferation and migration of cardiac fibroblasts via the Akt/

miR-101/MKP-1-dependent activation of p38 MAPK and ERK1/

2 pathways (60).
5 IL-17 family cytokines in conditions
associated with cardiac fibrosis

5.1 Fibrosis in myocardial infarction

Myocardial infarction results in the death of numerous

cardiomyocytes, triggering an inflammatory response that leads

to myocardial fibrosis. Early fibrosis at the infarction site is

crucial for maintaining heart structure and has reparative

benefits. However, excessive myocardial fibrosis can impair both

systolic and diastolic heart function, ultimately causing heart

failure. Therefore, strict regulation of inflammation and fibrosis

post-myocardial infarction is essential to prevent excessive

fibrosis while preserving heart structural integrity (3, 64).

A study of 981 patients with myocardial infarction found that

high serum levels of IL-17(commonly refers to as IL-17A) were

associated with a lower risk of death and recurrent myocardial

infarction (65). In contrast, animal studies have demonstrated the

opposite effect. In a mouse model of myocardial infarction

induced by coronary artery ligation, a notable increase in IL-17A
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and IL-17RA expression was observed in the heart. IL-17RA

was highly expressed in cardiomyocytes, fibroblasts, and

macrophages. Flow cytometry analysis indicated that IL-17A was

predominantly derived from γδT cells (8). In vivo, the

administration of recombinant mouse IL-17A promoted

myocardial fibrosis and ventricular remodeling 28 days after

myocardial infarction in mice, compared to the myocardial

infarction group (66). Additionally, another study revealed that

IL-17A knockout mice exhibited a 30% increase in survival rate

at day 28 compared to mice with a myocardial infarction model.

Importantly, pathological staining analysis revealed a significant

reduction in the non-infarct fibrotic area, whereas no reduction

in the infarct fibrotic area in IL-17A knockout mice. PCR

analysis showed that the expression of myocardiac fibrosis gene

(MMP1, MMP3, MMP9, and C-C motif chemokine ligand 2

(CCL2) in IL-17A knockout mice did not significantly decrease

on day 2 but showed a significant decrease on day 7. Meanwhile,

cardiac ultrasound indicated that left ventricular dilation and

systolic dysfunction were significantly alleviated in IL-17A

knockout mice. These findings suggest that inhibition of IL-17A

has no significant effect on early reparative fibrosis post-

myocardial infarction, but can markedly inhibit excessive fibrosis

post-myocardial infarction, thereby improving cardiac function

and prognosis (8).

To further explore the mechanism of IL-17A, cardiomyocytes,

myofibroblasts, and macrophages were isolated on the 7th day

post-myocardial infarction. PCR analysis indicated that IL-17A

knockout enhanced the survival of mouse cardiomyocytes,

reduced the expression of pro-fibrosis molecules (CCL2, MMP3,

and MMP9) in myocardial fibroblasts, and decreased the

expression of pro-inflammatory molecules (TNF-α, IL-6, and

IL-1β) in macrophages. In vitro, the expression of pro-

inflammatory and pro-fibrosis molecules in fibroblasts increased

by IL-17, and was inhibited by anti-IL-17A monoclonal antibody

(8). Moreover, IL-17A has been shown to induce cardiomyocyte

apoptosis via the p38-MAPK-p53-Bax signaling pathway (66).

In summary, the role of IL-17 in myocardial infarction in

humans and animals has yielded conflicting conclusions. One

possible explanation for this discrepancy may be the differences

in sequence homology of IL-17 between humans and mice/rats.

Additionally, the effects of IL-17 could be influenced by factors

such as the type and duration of myocardial infarction, which

warrant further investigation.
5.2 Fibrosis in the pressure-
overloaded heart

Inflammation plays a crucial role in myocardial injury.

Hypertension induces cardiac fibrosis characterized by low-grade

inflammation. Persistent hypertension leads to cardiac

remodeling, including myocardial hypertrophy and fibrosis,

subsequently resulting in ventricular systolic and diastolic

dysfunction (67). Several studies have revealed an association

between the IL-17 and fibrosis in the pressure-overloaded heart

(10, 68, 69). In vitro, IL-17A stimulated fibroblasts to produce
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pro-inflammatory factors such as IL-6 and TNF-α, and promoted

myofibroblasts differentiation in an IL-6-dependent manner (10).

In vivo, Angiotensin II (AngII) increased cardiac IL-17A mRNA

expression in a time-dependent manner in a model of AngII-

induced hypertensive myocardial injury. Compared with mice in

early (1 week) and long-term (4 weeks) AngII-induced

hypertension models, IL-17A knockout mice exhibited

significantly reduction of myocardial fibrosis. Western Blot and

immunohistochemical staining revealed the expression of

myocardial α-smooth muscle actin (α-SMA) was significantly

decreased, suggesting reduced myofibroblasts activation in IL-

17A knockout mice (10). Additionally, in the spontaneously

hypertensive rat model, specific targeting of IL-17RA therapy

significantly improved myocardial fibrosis and cardiac function,

reducing MMP-2, MMP-9, type I and III collagen expression

(68). Moreover, in a hypertensive rat model induced by

deoxycorticosterone acetate and high-salt diet, salt-corticosteroid

receptor activation promotes myocardial inflammation and

fibrosis through the Th17/Treg/IL-17 pathway, resulting in

cardiac damage. Salocorticoid receptor antagonists can block

Th17 cell activation and IL-17 signaling, thereby inhibiting

myocardial inflammation and fibrosis (69). Furthermore,

treatment with anti-IL-17 antibodies significantly decreased pro-

inflammatory and pro-fibrotic factors (TGF-β1, OPN, NOX-2)

and type I collagen expression in the heart and kidney (69).

In contrast, in a mouse model of hypertension induced by

deoxycorticosterone acetate and angiotensin II, IL-17 knockout

mice did not exhibit lower systolic blood pressure or

improvements in target organ damage on days 4 and 14.

Additionally, no significant differences were observed in heart

weight and cardiac fibrosis compared to wild-type mice (70).

Similarly, in a model of angiotensin II-induced myocardial

injury, treatment with anti-IL-17A antibodies did not reduce

myocardial hypertrophy or fibrosis (71).

In conclusion, the role of IL-17 in hypertension and

hypertensive myocardial fibrosis remains uncertain. The differing

conclusions may be attributed to variations in hypertension

models or the duration of the studies. Generally, prolonged

exposure to higher blood pressure levels is more likely to induce

myocardial fibrosis. Additionally, IL-17 may play distinct roles at

various stages of hypertensive myocardial fibrosis.
5.3 Fibrosis in diabetes

Diabetic cardiomyopathy stands as a leading cause of mortality

among diabetic patients. The onset of diabetes-induced myocardial

fibrosis crucially leads to both diastolic and systolic dysfunction in

the heart, furthering the progression of diabetic cardiomyopathy

(72). Numerous studies underscore IL-17’s role in advancing

diabetic myocardial fibrosis (72–74). Yanqing Qi et al.

documented that the serum level of IL-17 was significantly

elevated in the diabetic patients (72). Subsequently, in a mouse

model of type 1 diabetes induced by three consecutive

intravenous injections of streptomycin (50 mg/kg), IL-17

expression was significantly upregulated in both serum and heart
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tissue. Upon IL-17 knockout, diabetic mice exhibited substantially

reduced myocardial fibrosis and improved cardiac systolic and

diastolic functions (73). Moreover, research indicates that

lncRNA-MIAT (Myocardial Infarction Associated Transcript,

attenuates miR-214-3p mediated inhibition of IL-17 expression)-

induced IL-17 elevation plays a pivotal role in diabetic

myocardial fibrosis (72). Additionally, anthocyanins’ capacity to

downregulate IL-17 expression has shown promising results in

ameliorating diabetic myocardial fibrosis (74). Further

investigation has illuminated IL-17’s role in promoting collagen

synthesis in myocardial fibroblasts via the lncRNA AK081284/

TGFβ1 signaling pathway (73).
5.4 Fibrosis in myocarditis

Myocarditis, an inflammatory myocardial disease resulting

from both infectious and non-infectious insults, is a frequent

precursor to Dilated Cardiomyopathy (DCM) and sudden cardiac

death (75, 76). Approximately 30% of myocarditis cases progress

to DCM, which is a significant cause of sudden death among

young adults (75, 77, 78). Myocardial fibrosis stands out as a

critical mechanism driving cardiac dysfunction progression in

patients with myocarditis and cardiomyopathy (3).

Recent studies have highlighted IL-17 as a crucial mediator of

cardiac remodeling and DCM following myocarditis (4, 78, 79). IL-

17A expression was markedly increased in hearts of mice with

autoimmune myocarditis (4, 79). Similarly, in a myocarditogenic

peptide induced mouse autoimmune myocarditis model using

complete Freund’s adjuvant emulsion,significant Th17 cells

infiltration into the myocardium and progressive left ventricular

dilation were observed. Flow cytometry analysis indicated IL-17A

specifically upregulated IL-6, TNF-α, and IL-1β, recruiting

inflammatory cells to the heart. Mice treated with IL-17A

knockout or IL-17A monoclonal antibody exhibited significantly

reduced cardiac remodeling and myocardial fibrosis post-

myocarditis, and absence of DCM (78). Lowering IL-17A levels

also downregulated systemic TNF-α and IL-6 levels, decreasing

subsequent left ventricular dilation and mortality in a Coxaxy

virus B3-induced chronic myocarditis mouse model (80).

Fibroblast plays a pivotal role in myocardial fibrosis (60, 61).

Bioinformatics analysis identified the IL-17 signaling pathway is

closely related to the pathogenesis of DCM (81). Further

investigation demonstrated IL-17A’s potential to induce type I

and III collagen expression in fibroblasts via the PKCβ/ERK1/2/

NF-κB pathway (4). Additionally, in a autoimmune myocarditis

porcine model induced by myosin, IL-17 significantly increased

MMP-2 and MMP-9 expression in cardiac fibroblasts through

the OPG/RANK/RANKL pathway, thereby promoting post-

myocarditis cardiac remodeling (82).
5.5 Fibrosis in heart failure

Heart failure is a leading cause of death and hospitalization

worldwide. Cardiac fibrosis is a significant pathological
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manifestation of heart failure. In many cases, persistent

myocardial fibrosis can lead to the onset and progression of

heart failure. The severity of myocardial fibrosis is closely related

to poor prognosis (3, 83).

Myocardial fibrosis can lead to diastolic dysfunction of the

heart and plays an important role in heart failure with preserved

ejection fraction (3). Clinical studies have shown that serum

levels of IL-17 and IL-6 are significantly increased in patients

with left ventricular diastolic dysfunction. Furthermore, logistic

regression analysis indicated that the combined elevation of IL-17

and IL-6 is an independent predictor of poor prognosis in left

ventricular diastolic dysfunction (84). Additionally, increased IL-

17 levels are significantly associated with elevated fibrosis levels

(9, 84). IL-17 can also induce the proliferation and secretion of

cardiac fibroblasts (derived from human or mice) (8, 60, 61),

making it a crucial molecule in promoting fibrosis in heart

failure (84–87).

The imbalance of the helper T cell (Th17)/regulatory T cell

(Treg) ratio is closely associated with chronic heart failure. In

patients with heart failure, the Th17/Treg ratio is disrupted, with

Th17 being significantly increased. Th17 promotes inflammation

and fibrosis primarily through the secretion of IL-17 (86). In the

rat model of chronic heart failure induced by aortic coarctation,

Infusion of Th17 cells increased myocardial fibrosis and heart

failure compared to the model group. Similarly, in the rabbit

model of ischemic heart failure, intravenous infusion of IL-17

(twice a week for 4 weeks) also aggravated myocardial fibrosis

and heart failure. TUNEL staining and cleaved caspase-3 staining

demonstrated that IL-17 promoted apoptosis of cardiomyocytes

(86, 87). Furthermore, in the rat model of heart failure induced

by isoproterenol, HE and Masson staining analysis revealed a

significant reduction in myocardial fibrosis by the treatment with

anti-IL-17 monoclonal antibody. Type I and III collagen fiber

levels were also notably decreased (85). Collagen synthesis and

degradation are regulated by MMPs and TIMPs, with an

increased MMP/TIMP ratio promoting myocardial fibrosis

(88–90). In vitro, IL-17 induced MMP-1 expression in cardiac

fibroblasts, partly through the RANKL/OPG signaling pathway.

Therefore, IL-17 may promote myocardial fibrosis via the

RANKL/OPG signaling pathway and MMP/TIMP systems (85).

In summary, IL-17 acts as a promoter of cardiac fibrosis in

multifactorial heart failure, including sympathetic overactivation

and ischemic heart failure, suggesting it as a significant

therapeutic target for heart failure treatment.

IL-17 induces ventricular remodeling and ventricular

arrhythmias in ischemic heart failure (87). Lysyl oxidase (LOX)

is a copper-dependent extracellular enzyme, associated with

myocardial fibrosis and cardiac dysfunction (86, 91). Research

has demonstrated that IL-17 exacerbates myocardial fibrosis and

heart failure by activating the ERK1/2-AP-1 pathway to induce

LOX expression (86). Rhodiola crenulata has been found to

inhibit IL-17 expression and its downstream target genes, thereby

improving fibrosis and reducing apoptosis, as well as inhibiting

ventricular arrhythmias (92). Moreover, multivariate Cox

regression analysis revealed that elevated plasma IL-17D levels

were associated with significantly increased risks of combined
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outcomes including atrial fibrillation, heart failure hospitalization,

and all-cause mortality (44).
5.6 Fibrosis in heart transplantation

Heart transplantation is an effective treatment for end-stage

heart failure, but chronic rejection remains a critical factor

impacting long-term graft survival. Chronic rejection is

characterized by myocardial hypertrophy, interstitial fibrosis,

vascular occlusion, and progressive graft dysfunction (93). The

intricate interplay among IL-17, TGF-β, IL-6, and CTGF plays a

pivotal role in heart transplant rejection. Researches

demonstrated that heart allografts in IL-17 knockout mice

exhibited markedly reduced fibrosis and significantly prolonged

graft survival compared to wild-type controls (94–96). Thus, IL-

17 represents a promising therapeutic target for combating

fibrosis associated with heart transplantation.
5.7 Others

In a rat model of aseptic pericarditis, IL-17A promotes the

development of atrial fibrillation by inducing myocardial fibrosis

(97). This effect is likely mediated through the stimulation of

atrial fibrillation-related inflammatory cytokines such as IL-1β,

IL-6, and TGF-β1 (60, 97). Additionally, elevated serum IL-17

levels was observed in patients with systemic lupus

erythematosus-associated myocardial injury. Univariate logistic

regression analysis indicated a correlation between serum IL-17

levels and myocardial injury in these patients (98). Furthermore,

chemotherapeutic agents can induce various forms of

cardiotoxicity, with sunitinib primarily associated with

myocardial fibrosis. In a rat model of sunitinib-induced

myocardial fibrosis, secukinumab (an IL-17A inhibitor)

significantly attenuated myocardial fibrosis and improved left

ventricular systolic and diastolic function. Additional

investigations suggested that IL-17 might enhance fibrosis by

modulating the OPG/RANK/RANKL axis (99).
6 Conclusion

In recent years, IL-17 has garnered increasing attention in

chronic inflammation, organ fibrosis, and autoimmune diseases.

IL-17 is predominantly secreted by immune or non-
Frontiers in Cardiovascular Medicine 07
hematopoietic cells, mediating downstream gene expression

through various signaling pathways. It directly or indirectly

promotes cardiac fibroblast activation and regulates ECM

production. Thus, IL-17 plays a crucial role in fibrotic processes

associated with cardiovascular diseases such as myocardial

infarction, heart failure, hypertension, diabetes, and myocarditis.

Most current studies suggest that IL-17 can promote myocardial

fibrosis, the anti-IL-17 biologic sukinzumab has been approved

for the treatment of moderate to severe psoriasis (100).

Interestingly, the role of IL-17 in post-infarction fibrosis and

hypertensive myocardial fibrosis appears contradictory. This

discrepancy may be related to the different stages and models of

the disease. Furthermore, it is noteworthy that the mechanism of

IL-17 action may be more complex than previously imagined,

indicating that more in-depth studies are needed to explore its

role in myocardial fibrosis, which could provide a foundation for

precise targeted treatments for clinical myocardial fibrosis.
Author contributions

LH: Writing – original draft, Writing – review & editing,

Conceptualization, Supervision.
Funding

The author declares that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The author declares that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Mehal WZ, Iredale J, Friedman SL. Scraping fibrosis: expressway to the core of
fibrosis. Nat Med. (2011) 17(5):552–3. doi: 10.1038/nm0511-552

2. Wick G, Grundtman C, Mayerl C, Wimpissinger T-F, Feichtinger J, Zelger B,
et al. The immunology of fibrosis. Annu Rev Immunol. (2013) 31:107–35. doi: 10.
1146/annurev-immunol-032712-095937

3. Frangogiannis NG. Cardiac fibrosis. Cardiovasc Res. (2021) 117(6):1450–88.
doi: 10.1093/cvr/cvaa324
4. Liu Y, Zhu H, Su Z, Sun C, Yin J, Yuan H, et al. IL-17 contributes to cardiac
fibrosis following experimental autoimmune myocarditis by a pkcβ/Erk1/2/nf-Κb-
dependent signaling pathway. Int Immunol. (2012) 24(10):605–12. doi: 10.1093/
intimm/dxs056

5. Yao Z, Painter SL, Fanslow WC, Ulrich D, Macduff BM, Spriggs MK, et al.
Human IL-17: a novel cytokine derived from T cells. J Immunol. (1995) 155
(12):5483–6. doi: 10.4049/jimmunol.155.12.5483
frontiersin.org

https://doi.org/10.1038/nm0511-552
https://doi.org/10.1146/annurev-immunol-032712-095937
https://doi.org/10.1146/annurev-immunol-032712-095937
https://doi.org/10.1093/cvr/cvaa324
https://doi.org/10.1093/intimm/dxs056
https://doi.org/10.1093/intimm/dxs056
https://doi.org/10.4049/jimmunol.155.12.5483
https://doi.org/10.3389/fcvm.2024.1470362
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Huang 10.3389/fcvm.2024.1470362
6. Kolls JK, Lindén A. Interleukin-17 family members and inflammation. Immunity.
(2004) 21(4):467–76. doi: 10.1093/intimm/dxs056

7. Robert M, Miossec P. Effects of interleukin 17 on the cardiovascular system.
Autoimmun Rev. (2017) 16(9):984–91. doi: 10.1016/j.autrev.2017.07.009

8. Yan X, Shichita T, Katsumata Y, Matsuhashi T, Ito H, Ito K, et al. Deleterious effect
of the IL-23/IL-17a axis and Γδt cells on left ventricular remodeling after myocardial
infarction. J Am Heart Assoc. (2012) 1(5):e004408. doi: 10.1161/JAHA.112.004408

9. Song X, Qian Y. IL-17 family cytokines mediated signaling in the pathogenesis of
inflammatory diseases.Cell Signal. (2013) 25(12):2335–47. doi: 10.1016/j.cellsig.2013.07.021

10. Li Y,WuY, Zhang C, Li P, CuiW, Hao J, et al.Γδt cell-derived interleukin-17a via an
interleukin-1β-dependent mechanismmediates cardiac injury and fibrosis in hypertension.
Hypertension. (2014) 64(2):305–14. doi: 10.1161/HYPERTENSIONAHA.113.02604

11. Moseley TA, Haudenschild DR, Rose L, Reddi AH. Interleukin-17 family and IL-
17 receptors. Cytokine Growth Factor Rev. (2003) 14(2):155–74. doi: 10.1016/s1359-
6101(03)00002-9

12. Hymowitz SG, Filvaroff EH, Yin JP, Lee J, Cai L, Risser P, et al. IL-17s adopt a
cystine knot fold: structure and activity of a novel cytokine, IL-17f, and implications
for receptor binding. EMBO J (2001) 20(19):5332–41. doi: 10.1093/emboj/20.19.5332

13. Huang X-D, Zhang H, He M-X. Comparative and evolutionary analysis of the
interleukin 17 gene family in invertebrates. PLoS One. (2015) 10(7):e0132802.
doi: 10.1371/journal.pone.0132802

14. Iwakura Y, Ishigame H, Saijo S, Nakae S. Functional specialization of interleukin-
17 family members. Immunity. (2011) 34(2):149–62. doi: 10.1016/j.immuni.2011.02.012

15. Gu C, Wu L, Li X. IL-17 family: cytokines, receptors and signaling. Cytokine.
(2013) 64(2):477–85. doi: 10.1016/j.cyto.2013.07.022

16. McGeachy MJ, Cua DJ, Gaffen SL. The IL-17 family of cytokines in health and
disease. Immunity. (2019) 50(4):892–906. doi: 10.1016/j.immuni.2019.03.021

17. Li J, Casanova JL, Puel A. Mucocutaneous IL-17 immunity in mice and humans:
host defense vs. excessive inflammation. Mucosal Immunol. (2018) 11(3):581–9.
doi: 10.1038/mi.2017.97

18. Beringer A, Noack M, Miossec P. IL-17 in chronic inflammation: from discovery to
targeting. Trends Mol Med. (2016) 22(3):230–41. doi: 10.1016/j.molmed.2016.01.001

19. Gaffen SL. Structure and signalling in the IL-17 receptor family. Nat Rev
Immunol. (2009) 9(8):556–67. doi: 10.1038/nri2586

20. Huang J, Lee H-Y, Zhao X, Han J, Su Y, Sun Q, et al. Interleukin-17d regulates
group 3 innate lymphoid cell function through its receptor Cd93. Immunity. (2021) 54
(4):673–86.e4. doi: 10.1016/j.immuni.2021.03.018

21. Amatya N, Garg AV, Gaffen SL. IL-17 signaling: the Yin and the Yang. Trends
Immunol. (2017) 38(5):310–22. doi: 10.1016/j.it.2017.01.006

22. Monin L, Gaffen SL. Interleukin 17 family cytokines: signaling mechanisms,
biological activities, and therapeutic implications. Cold Spring Harb Perspect Biol.
(2018) 10(4):a028522. doi: 10.1101/cshperspect.a028522

23. Ramani K, Biswas PS. Interleukin-17: friend or foe in organ fibrosis. Cytokine.
(2019) 120:282–8. doi: 10.1016/j.cyto.2018.11.003

24. Chen Y, Li C, Weng D, Song L, Tang W, Dai W, et al. Neutralization of
interleukin-17a delays progression of silica-induced lung inflammation and fibrosis
in C57bl/6 mice. Toxicol Appl Pharmacol. (2014) 275(1):62–72. doi: 10.1016/j.taap.
2013.11.012

25. Mi S, Li Z, Yang H-Z, Liu H, Wang J-P, Ma Y-G, et al. Blocking IL-17a promotes
the resolution of pulmonary inflammation and fibrosis via tgf-Beta1-dependent and
-independent mechanisms. J Immunol. (2011) 187(6):3003–14. doi: 10.4049/jimmunol.
1004081

26. Mi S, Li Z, Liu H, Hu Z-W, Hua F. Blocking IL-17a protects against lung injury-
induced pulmonary fibrosis through promoting the activation of P50nf-kappab. Yao
Xue Xue Bao. (2012) 47(6):739–44.

27. Braun RK, Ferrick C, Neubauer P, Sjoding M, Sterner-Kock A, Kock M, et al. IL-
17 producing gammadelta T cells are required for a controlled inflammatory response
after bleomycin-induced lung injury. Inflammation. (2008) 31(3):167–79. doi: 10.
1007/s10753-008-9062-6

28. Erbel C, Chen L, Bea F, Wangler S, Celik S, Lasitschka F, et al. Inhibition of IL-
17a attenuates atherosclerotic lesion development in apoe-deficient mice. J Immunol.
(2009) 183(12):8167–75. doi: 10.4049/jimmunol.0901126

29. Smith E, Prasad K-MR, Butcher M, Dobrian A, Kolls JK, Ley K, et al. Blockade
of interleukin-17a results in reduced atherosclerosis in apolipoprotein E-deficient
mice. Circulation. (2010) 121(15):1746–55. doi: 10.1161/CIRCULATIONAHA.109.
924886

30. Ng HP, Burris RL, Nagarajan S. Attenuated atherosclerotic lesions in apoe-fcγ-
chain-deficient hyperlipidemic mouse model is associated with inhibition of Th17 cells
and promotion of regulatory T cells. J Immunol. (2011) 187(11):6082–93. doi: 10.4049/
jimmunol.1004133

31. Danzaki K, Matsui Y, Ikesue M, Ohta D, Ito K, Kanayama M, et al. Interleukin-
17a deficiency accelerates unstable atherosclerotic plaque formation in apolipoprotein
E-deficient mice. Arterioscler Thromb Vasc Biol. (2012) 32(2):273–80. doi: 10.1161/
ATVBAHA.111.229997
Frontiers in Cardiovascular Medicine 08
32. Speeckaert R, Lambert J, Grine L, Van Gele M, De Schepper S, van Geel N. The
many faces of interleukin-17 in inflammatory skin diseases. Br J Dermatol. (2016) 175
(5):892–901. doi: 10.1111/bjd.14703

33. Truchetet M-E, Brembilla N-C, Montanari E, Lonati P, Raschi E, Zeni S, et al.
Interleukin-17a+ cell counts are increased in systemic sclerosis skin and their
number is inversely correlated with the extent of skin involvement. Arthritis
Rheum. (2013) 65(5):1347–56. doi: 10.1002/art.37860

34. Ge S, Hertel B, Susnik N, Rong S, Dittrich AM, Schmitt R, et al. Interleukin 17
receptor a modulates monocyte subsets and macrophage generation in vivo. PLoS One.
(2014) 9(1):e85461. doi: 10.1371/journal.pone.0085461

35. Sun B, Wang H, Zhang L, Yang X, Zhang M, Zhu X, et al. Role of interleukin 17
in tgf-Β signaling-mediated renal interstitial fibrosis. Cytokine. (2018) 106:80–8.
doi: 10.1016/j.cyto.2017.10.015

36. Song X, Dai D, He X, Zhu S, Yao Y, Gao H, et al. Growth factor Fgf2 cooperates
with interleukin-17 to repair intestinal epithelial damage. Immunity. (2015) 43
(3):488–501. doi: 10.1016/j.immuni.2015.06.024

37. Hata K, Andoh A, Shimada M, Fujino S, Bamba S, Araki Y, et al. IL-17
stimulates inflammatory responses via nf-kappab and map kinase pathways in
human colonic myofibroblasts. Am J Physiol Gastrointest Liver Physiol. (2002) 282
(6):G1035–44. doi: 10.1152/ajpgi.00494.2001

38. Robak E, Gerlicz-Kowalczuk Z, Dziankowska-Bartkowiak B, Wozniacka A,
Bogaczewicz J. Serum concentrations of il-17a, il-17b, il-17e and il-17f in patients with
systemic sclerosis. Arch Med Sci (2019) 15(3):706–12. doi: 10.5114/aoms.2019.84738

39. Yang D, Chen X, Wang J, Lou Q, Lou Y, Li L, et al. Dysregulated lung commensal
Bacteria drive interleukin-17b production to promote pulmonary fibrosis through their
outer membrane vesicles. Immunity. (2019) 50(3):692–706.e7. doi: 10.1016/j.immuni.
2019.02.001

40. Krohn S, Nies JF, Kapffer S, Schmidt T, Riedel J-H, Kaffke A, et al. IL-17c/Il-17
receptor E signaling in Cd4+ T cells promotes Th17 cell-driven glomerular
inflammation. J Am Soc Nephrol. (2018) 29(4):1210–22. doi: 10.1681/ASN.2017090949

41. Vandeghinste N, Klattig J, Jagerschmidt C, Lavazais S, Marsais F, Haas JD, et al.
Neutralization of il-17c reduces skin inflammation in mouse models of psoriasis and
atopic dermatitis. J Invest Dermatol. (2018) 138(7):1555–63. doi: 10.1016/j.jid.2018.01.036

42. Vella G, Ritzmann F, Wolf L, Kamyschnikov A, Stodden H, Herr C, et al. IL-17c
contributes to NTHi-induced inflammation and lung damage in experimental COPD
and is present in sputum during acute exacerbations. PLoS One. (2021) 16(1):
e0243484. doi: 10.1371/journal.pone.0243484

43. Liu X, Sun S, Liu D. IL-17d: a less studied cytokine of IL-17 family. Int Arch
Allergy Immunol. (2020) 181(8):618–23. doi: 10.1159/000508255

44. Baumhove L, Bomer N, Tromp J, van Essen BJ, Dickstein K, Cleland JG, et al.
Clinical characteristics and prognosis of patients with heart failure and high
concentrations of interleukin-17d. Int J Cardiol. (2024) 396:131384. doi: 10.1016/j.
ijcard.2023.131384

45. Xu M, Dong C. IL-25 in allergic inflammation. Immunol Rev. (2017) 278
(1):185–91. doi: 10.1111/imr.12558

46. Hams E, Armstrong ME, Barlow JL, Saunders SP, Schwartz C, Cooke G, et al. IL-
25 and type 2 innate lymphoid cells induce pulmonary fibrosis. Proc Natl Acad Sci U
S A. (2014) 111(1):367–72. doi: 10.1073/pnas.1315854111

47. Xu X, Luo S, Li B, Dai H, Zhang J. IL-25 contributes to lung fibrosis by directly
acting on alveolar epithelial cells and fibroblasts. Exp Biol Med (Maywood). (2019) 244
(9):770–80. doi: 10.1177/1535370219843827

48. Fukayama M, Yoshizaki A, Fukasawa T, Ebata S, Kuzumi A, Yoshizaki-Ogawa A,
et al. Interleukin (IL)-17f and IL-17e are related to fibrosis and vasculopathy
in systemic sclerosis. J Dermatol. (2020) 47(11):1287–92. doi: 10.1111/1346-
8138.15508

49. Lonati PA, Brembilla NC, Montanari E, Fontao L, Gabrielli A, Vettori S, et al.
High IL-17e and low IL-17c dermal expression identifies a fibrosis-specific motif
common to morphea and systemic sclerosis. PLoS One. (2014) 9(8):e105008.
doi: 10.1371/journal.pone.0105008

50. Hot A, Miossec P. Effects of interleukin (IL)-17a and IL-17f in human
rheumatoid arthritis synoviocytes. Ann Rheum Dis. (2011) 70(5):727–32. doi: 10.
1136/ard.2010.143768

51. Wu M-S, Wang C-H, Tseng F-C, Yang H-J, Lo Y-C, Kuo Y-P, et al. Interleukin-
17f expression is elevated in hepatitis C patients with fibrosis and hepatocellular
carcinoma. Infect Agent Cancer. (2017) 12:42. doi: 10.1186/s13027-017-0152-7

52. Hayashi H, Kawakita A, Okazaki S, Yasutomi M, Murai H, Ohshima Y. IL-17a/F
modulates fibrocyte functions in cooperation with Cd40-mediated signaling.
Inflammation. (2013) 36(4):830–8. doi: 10.1007/s10753-013-9609-z

53. Creyns B, Cremer J, Hoshino T, Geboes K, de Hertogh G, Ferrante M, et al.
Fibrogenesis in chronic dss colitis is not influenced by neutralisation of regulatory
T cells, of Major T helper cytokines or absence of IL-13. Sci Rep. (2019) 9(1):10064.
doi: 10.1038/s41598-019-46472-6

54. Saleh MA, Norlander AE, Madhur MS. Inhibition of interleukin 17-a but not
interleukin-17f signaling lowers blood pressure and reduces end-organ inflammation
in angiotensin ii-induced hypertension. JACC Basic Transl Sci. (2016) 1(7):606–16.
doi: 10.1016/j.jacbts.2016.07.009
frontiersin.org

https://doi.org/10.1093/intimm/dxs056
https://doi.org/10.1016/j.autrev.2017.07.009
https://doi.org/10.1161/JAHA.112.004408
https://doi.org/10.1016/j.cellsig.2013.07.021
https://doi.org/10.1161/HYPERTENSIONAHA.113.02604
https://doi.org/10.1016/s1359-6101(03)00002-9
https://doi.org/10.1016/s1359-6101(03)00002-9
https://doi.org/10.1093/emboj/20.19.5332
https://doi.org/10.1371/journal.pone.0132802
https://doi.org/10.1016/j.immuni.2011.02.012
https://doi.org/10.1016/j.cyto.2013.07.022
https://doi.org/10.1016/j.immuni.2019.03.021
https://doi.org/10.1038/mi.2017.97
https://doi.org/10.1016/j.molmed.2016.01.001
https://doi.org/10.1038/nri2586
https://doi.org/10.1016/j.immuni.2021.03.018
https://doi.org/10.1016/j.it.2017.01.006
https://doi.org/10.1101/cshperspect.a028522
https://doi.org/10.1016/j.cyto.2018.11.003
https://doi.org/10.1016/j.taap.2013.11.012
https://doi.org/10.1016/j.taap.2013.11.012
https://doi.org/10.4049/jimmunol.1004081
https://doi.org/10.4049/jimmunol.1004081
https://doi.org/10.1007/s10753-008-9062-6
https://doi.org/10.1007/s10753-008-9062-6
https://doi.org/10.4049/jimmunol.0901126
https://doi.org/10.1161/CIRCULATIONAHA.109.924886
https://doi.org/10.1161/CIRCULATIONAHA.109.924886
https://doi.org/10.4049/jimmunol.1004133
https://doi.org/10.4049/jimmunol.1004133
https://doi.org/10.1161/ATVBAHA.111.229997
https://doi.org/10.1161/ATVBAHA.111.229997
https://doi.org/10.1111/bjd.14703
https://doi.org/10.1002/art.37860
https://doi.org/10.1371/journal.pone.0085461
https://doi.org/10.1016/j.cyto.2017.10.015
https://doi.org/10.1016/j.immuni.2015.06.024
https://doi.org/10.1152/ajpgi.00494.2001
https://doi.org/10.5114/aoms.2019.84738
https://doi.org/10.1016/j.immuni.2019.02.001
https://doi.org/10.1016/j.immuni.2019.02.001
https://doi.org/10.1681/ASN.2017090949
https://doi.org/10.1016/j.jid.2018.01.036
https://doi.org/10.1371/journal.pone.0243484
https://doi.org/10.1159/000508255
https://doi.org/10.1016/j.ijcard.2023.131384
https://doi.org/10.1016/j.ijcard.2023.131384
https://doi.org/10.1111/imr.12558
https://doi.org/10.1073/pnas.1315854111
https://doi.org/10.1177/1535370219843827
https://doi.org/10.1111/1346-8138.�15508
https://doi.org/10.1111/1346-8138.�15508
https://doi.org/10.1371/journal.pone.0105008
https://doi.org/10.1136/ard.2010.143768
https://doi.org/10.1136/ard.2010.143768
https://doi.org/10.1186/s13027-017-0152-7
https://doi.org/10.1007/s10753-013-9609-z
https://doi.org/10.1038/s41598-019-46472-6
https://doi.org/10.1016/j.jacbts.2016.07.009
https://doi.org/10.3389/fcvm.2024.1470362
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Huang 10.3389/fcvm.2024.1470362
55. Levi N, Papismadov N, Solomonov I, Sagi I, Krizhanovsky V. The ECM path of
senescence in aging: components and modifiers. FEBS J. (2020) 287(13):2636–46.
doi: 10.1111/febs.15282

56. Travers JG, Kamal FA, Robbins J, Yutzey KE, Blaxall BC. Cardiac fibrosis: the
fibroblast awakens. Circ Res. (2016) 118(6):1021–40. doi: 10.1161/CIRCRESAHA.
115.306565

57. López B, Ravassa S, Moreno MU, José GS, Beaumont J, González A, et al. Diffuse
myocardial fibrosis: mechanisms, diagnosis and therapeutic approaches. Nat Rev
Cardiol. (2021) 18(7):479–98. doi: 10.1038/s41569-020-00504-1

58. Zeisberg EM, Tarnavski O, Zeisberg M, Dorfman AL, McMullen JR, Gustafsson
E, et al. Endothelial-to-mesenchymal transition contributes to cardiac fibrosis. Nat
Med. (2007) 13(8):952–61. doi: 10.1038/nm1613

59. Widyantoro B, Emoto N, Nakayama K, Anggrahini DW, Adiarto S, Iwasa N,
et al. Endothelial cell-derived endothelin-1 promotes cardiac fibrosis in diabetic
hearts through stimulation of endothelial-to-mesenchymal transition. Circulation.
(2010) 121(22):2407–18. doi: 10.1161/CIRCULATIONAHA.110.938217

60. Valente AJ, Yoshida T, Gardner JD, Somanna N, Delafontaine P, Chandrasekar
B. Interleukin-17a stimulates cardiac fibroblast proliferation and migration via
negative regulation of the dual-specificity phosphatase mkp-1/dusp-1. Cell Signal.
(2012) 24(2):560–8. doi: 10.1016/j.cellsig.2011.10.010

61. Cortez DM, Feldman MD, Mummidi S, Valente AJ, Steffensen B, Vincenti M, et al.
IL-17 stimulates mmp-1 expression in primary human cardiac fibroblasts via P38 mapk-
and Erk1/2-dependent C/ebp-Beta, nf-kappab, and ap-1 activation. Am J Physiol Heart
Circ Physiol (2007) 293(6):H3356–65. doi: 10.1152/ajpheart.00928.2007

62. LaFramboise WA, Scalise D, Stoodley P, Graner SR, Guthrie RD, Magovern JA,
et al. Cardiac fibroblasts influence cardiomyocyte phenotype in vitro. Am J Physiol Cell
Physiol. (2007) 292(5):C1799–808. doi: 10.1152/ajpcell.00166.2006

63. Venkatachalam K, Mummidi S, Cortez DM, Prabhu SD, Valente AJ,
Chandrasekar B. Resveratrol inhibits high glucose-induced Pi3k/akt/erk-dependent
interleukin-17 expression in primary mouse cardiac fibroblasts. Am J Physiol Heart
Circ Physiol. (2008) 294(5):H2078–87. doi: 10.1152/ajpheart.01363.2007

64. Prabhu SD, Frangogiannis NG. The biological basis for cardiac repair after
myocardial infarction: from inflammation to fibrosis. Circ Res. (2016) 119
(1):91–112. doi: 10.1161/CIRCRESAHA.116.303577

65. Simon T, Taleb S, Danchin N, Laurans L, Rousseau B, Cattan S, et al. Circulating
levels of interleukin-17 and cardiovascular outcomes in patients with acute myocardial
infarction. Eur Heart J. (2013) 34(8):570–7. doi: 10.1093/eurheartj/ehs263

66. Zhou S-F, Yuan J, Liao M-Y, Xia N, Tang T-T, Li J-J, et al. IL-17a promotes
ventricular remodeling after myocardial infarction. J Mol Med (Berl). (2014) 92
(10):1105–16. doi: 10.1007/s00109-014-1176-8

67. Hanna A, Humeres C, Frangogiannis NG. The role of smad signaling cascades in
cardiac fibrosis. Cell Signal. (2021) 77:109826. doi: 10.1016/j.cellsig.2020.109826

68. Liu W, Wang X, Feng W, Li S, Tian W, Xu T, et al. Lentivirus mediated IL-17r
blockade improves diastolic cardiac function in spontaneously hypertensive rats. Exp
Mol Pathol. (2011) 91(1):362–7. doi: 10.1016/j.yexmp.2011.04.003

69. Amador CA, Barrientos V, Peña J, Herrada AA, González M, Valdés S, et al.
Spironolactone decreases DOCA-salt-induced organ damage by blocking the
activation of T helper 17 and the downregulation of regulatory T lymphocytes.
Hypertension. (2014) 63(4):797–803. doi: 10.1161/HYPERTENSIONAHA.113.02883

70. Krebs CF, Lange S, Niemann G, Rosendahl A, Lehners A, Meyer-Schwesinger C,
et al. Deficiency of the interleukin 17/23 axis accelerates renal injury in mice with
deoxycorticosterone acetate+angiotensin ii-induced hypertension. Hypertension.
(2014) 63(3):565–71. doi: 10.1161/HYPERTENSIONAHA.113.02620

71. Markó L, Kvakan H, Park J-K, Qadri F, Spallek B, Binger KJ, et al. Interferon-Γ
signaling inhibition ameliorates angiotensin ii-induced cardiac damage. Hypertension.
(2012) 60(6):1430–6. doi: 10.1161/HYPERTENSIONAHA.112.199265

72. Qi Y, Wu H, Mai C, Lin H, Shen J, Zhang X, et al. LncRNA-MIAT-mediated mir-
214-3p silencing is responsible for IL-17 production and cardiac fibrosis in diabetic
cardiomyopathy. Front Cell Dev Biol. (2020) 8:243. doi: 10.3389/fcell.2020.00243

73. Zhang Y, Zhang Y-Y, Li T-T, Wang J, Jiang Y, Zhao Y, et al. Ablation of
interleukin-17 alleviated cardiac interstitial fibrosis and improved cardiac function
via inhibiting long non-coding rna-Ak081284 in diabetic mice. J Mol Cell Cardiol.
(2018) 115:64–72. doi: 10.1016/j.yjmcc.2018.01.001

74. Yue E, Yu Y, Wang X, Liu B, Bai Y, Yang B. Anthocyanin protects cardiac function
and cardiac fibroblasts from high-glucose induced inflammation and myocardial fibrosis
by inhibiting IL-17. Front Pharmacol. (2021) 11:593633. doi: 10.3389/fphar.2020.593633

75. Cooper LT. Myocarditis. N Engl J Med. (2009) 360(15):1526–38. doi: 10.1056/
NEJMra0800028

76. Tschöpe C, Cooper LT, Torre-Amione G, Van Linthout S. Management of
myocarditis-related cardiomyopathy in adults. Circ Res. (2019) 124(11):1568–83.
doi: 10.1161/CIRCRESAHA.118.313578

77. Ammirati E, Moslehi JJ. Diagnosis and treatment of acute myocarditis: a review.
JAMA. (2023) 329(13):1098–113. doi: 10.1001/jama.2023.3371

78. Baldeviano GC, Barin JG, Talor MV, Srinivasan S, Bedja D, Zheng D, et al.
Interleukin-17a is dispensable for myocarditis but essential for the progression to
Frontiers in Cardiovascular Medicine 09
dilated cardiomyopathy. Circ Res. (2010) 106(10):1646–55. doi: 10.1161/
CIRCRESAHA.109.213157

79. Hou X, Chen G, Bracamonte-Baran W, Choi HS, Diny NL, Sung J, et al. The
cardiac microenvironment instructs divergent monocyte fates and functions in
myocarditis. Cell Rep. (2019) 28(1):172–89.e7. doi: 10.1016/j.celrep.2019.06.007

80. Xie Y, Li M, Wang X, Zhang X, Peng T, Yang Y, et al. In vivo delivery of
adenoviral vector containing interleukin-17 receptor a reduces cardiac remodeling
and improves myocardial function in viral myocarditis leading to dilated
cardiomyopathy. PLoS One. (2013) 8(8):e72158. doi: 10.1371/journal.pone.0072158

81. Liu Z, Song Y-N, Chen K-Y, Gao W-L, Chen H-J, Liang G-Y. Bioinformatics
prediction of potential mechanisms and biomarkers underlying dilated
cardiomyopathy. World J Cardiol. (2022) 14(5):282–96. doi: 10.4330/wjc.v14.i5.282

82. Liu W, Feng W, Wang F, Li W, Gao C, Zhou B, et al. Osteoprotegerin/RANK/
RANKL axis in cardiac remodeling due to immuno-inflammatory myocardial disease.
Exp Mol Pathol. (2008) 84(3):213–7. doi: 10.1016/j.yexmp.2008.02.004

83. Ravassa S, López B, Treibel TA, San José G, Losada-Fuentenebro B, Tapia L, et al.
Cardiac fibrosis in heart failure: focus on non-invasive diagnosis and emerging
therapeutic strategies.MolAspectsMed. (2023)93:101194. doi: 10.1016/j.mam.2023.101194

84. Xu L, Yan J, Zhang F, Zhou C, Fan T, Chen X, et al. Use of inflammatory
biomarkers and real-time cardiac catheterisation to evaluate the left ventricular
diastolic function in patients with diastolic heart failure. Heart Lung Circ. (2021) 30
(3):396–403. doi: 10.1016/j.hlc.2020.06.017

85. Feng W, Li W, Liu W, Wang F, Li Y, Yan W. IL-17 induces myocardial fibrosis
and enhances RANKL/OPG and MMP/TIMP signaling in isoproterenol-induced
heart failure. Exp Mol Pathol. (2009) 87(3):212–8. doi: 10.1016/j.yexmp.2009.06.001

86. Lu M, Qin X, Yao J, Yang Y, Zhao M, Sun L. Th17/treg imbalance modulates rat
myocardial fibrosis and heart failure by regulating lox expression. Acta Physiol (Oxf).
(2020) 230(3):e13537. doi: 10.1111/apha.13537

87. Chang S-L, Hsiao Y-W, Tsai Y-N, Lin S-F, Liu S-H, Lin Y-J, et al. Interleukin-17
enhances cardiac ventricular remodeling via activating MAPK pathway in ischemic
heart failure. J Mol Cell Cardiol. (2018) 122:69–79. doi: 10.1016/j.yjmcc.2018.08.005

88. Heymans S, Luttun A, Nuyens D, Theilmeier G, Creemers E, Moons L, et al.
Inhibition of plasminogen activators or matrix metalloproteinases prevents cardiac
rupture but impairs therapeutic angiogenesis and causes cardiac failure. Nat Med.
(1999) 5(10):1135–42. doi: 10.1038/13459

89. Roten L, Nemoto S, Simsic J, Coker ML, Rao V, Baicu S, et al. Effects of gene
deletion of the tissue inhibitor of the matrix metalloproteinase-type 1 (timp-1) on
left ventricular geometry and function in mice. J Mol Cell Cardiol. (2000) 32
(1):109–20. doi: 10.1006/jmcc.1999.1052

90. Sivasubramanian N, Coker ML, Kurrelmeyer KM, MacLellan WR, DeMayo FJ,
Spinale FG, et al. Left ventricular remodeling in transgenic mice with cardiac restricted
overexpression of tumor necrosis factor. Circulation. (2001) 104(7):826–31. doi: 10.
1161/hc3401.093154

91. López B, González A, Hermida N, Valencia F, de Teresa E, Díez J. Role of lysyl
oxidase in myocardial fibrosis: from basic science to clinical aspects. Am J Physiol
Heart Circ Physiol. (2010) 299(1):H1–9. doi: 10.1152/ajpheart.00335.2010

92. Hsiao Y-W, Tsai Y-N, Huang Y-T, Liu S-H, Lin Y-J, Lo L-W, et al. Rhodiola
Crenulata reduces ventricular arrhythmia through mitigating the activation of il-17
and inhibiting the MAPK signaling pathway. Cardiovasc Drugs Ther. (2021) 35
(5):889–900. doi: 10.1007/s10557-020-07072-z

93. Mannon RB. Therapeutic targets in the treatment of allograft fibrosis. Am
J Transplant. (2006) 6(5 Pt 1):867–75. doi: 10.1161/hc3401.093154

94. Wang S, Xu X, Xie A, Li J, Ye P, Liu Z, et al. Anti-Interleukin-12/23p40 antibody
attenuates chronic rejection of cardiac allografts partly via inhibition Γδt cells. Clin
Exp Immunol. (2012) 169(3):320–9. doi: 10.1111/j.1365-2249.2012.04612.x

95. Booth AJ, Bishop DK. Tgf-Beta, Il-6, il-17 and ctgf direct multiple pathologies of
chronic cardiac allograft rejection. Immunotherapy (2010) 2(4):511–20. doi: 10.2217/imt.
10.33

96. Faust SM, Lu G, Marini BL, Zou W, Gordon D, Iwakura Y, et al. Role of T cell
TGFbeta signaling and IL-17 in allograft acceptance and fibrosis associated with
chronic rejection. J Immunol. (2009) 183(11):7297–306. doi: 10.4049/jimmunol.0902446

97. Fu X-X, Zhao N, Dong Q, Du L-L, Chen X-J, Wu Q-F, et al. Interleukin-17a
contributes to the development of post-operative atrial fibrillation by regulating
inflammation and fibrosis in rats with sterile pericarditis. Int J Mol Med. (2015) 36
(1):83–92. doi: 10.3892/ijmm.2015.2204

98. du Toit R, Reuter H, Walzl G, Snyders C, Chegou NN, Herbst PG, et al. Serum
cytokine levels associated with myocardial injury in systemic lupus erythematosus.
Rheumatology (Oxford). (2021) 60(4):2010–21. doi: 10.1093/rheumatology/keaa540

99. Mohamad HE, Asker ME, Shaheen MA, Baraka NM, Fantoukh OI, Alqahtani A,
et al. Secukinumab and black garlic downregulate OPG/RANK/RANKL axis and
devitalize myocardial interstitial fibrosis induced by sunitinib in experimental rats.
Life (Basel). (2023) 13(2):308. doi: 10.3390/life13020308

100. Papp KA, Leonardi C, Menter A, Ortonne J-P, Krueger JG, Kricorian G, et al.
Brodalumab, an anti-interleukin-17-receptor antibody for psoriasis. N Engl J Med.
(2012) 366(13):1181–9. doi: 10.1056/NEJMoa1109017
frontiersin.org

https://doi.org/10.1111/febs.15282
https://doi.org/10.1161/CIRCRESAHA.115.306565
https://doi.org/10.1161/CIRCRESAHA.115.306565
https://doi.org/10.1038/s41569-020-00504-1
https://doi.org/10.1038/nm1613
https://doi.org/10.1161/CIRCULATIONAHA.110.938217
https://doi.org/10.1016/j.cellsig.2011.10.010
https://doi.org/10.1152/ajpheart.00928.2007
https://doi.org/10.1152/ajpcell.00166.2006
https://doi.org/10.1152/ajpheart.01363.2007
https://doi.org/10.1161/CIRCRESAHA.116.303577
https://doi.org/10.1093/eurheartj/ehs263
https://doi.org/10.1007/s00109-014-1176-8
https://doi.org/10.1016/j.cellsig.2020.109826
https://doi.org/10.1016/j.yexmp.2011.04.003
https://doi.org/10.1161/HYPERTENSIONAHA.113.02883
https://doi.org/10.1161/HYPERTENSIONAHA.113.02620
https://doi.org/10.1161/HYPERTENSIONAHA.112.199265
https://doi.org/10.3389/fcell.2020.00243
https://doi.org/10.1016/j.yjmcc.2018.01.001
https://doi.org/10.3389/fphar.2020.593633
https://doi.org/10.1056/NEJMra0800028
https://doi.org/10.1056/NEJMra0800028
https://doi.org/10.1161/CIRCRESAHA.118.313578
https://doi.org/10.1001/jama.2023.3371
https://doi.org/10.1161/CIRCRESAHA.109.213157
https://doi.org/10.1161/CIRCRESAHA.109.213157
https://doi.org/10.1016/j.celrep.2019.06.007
https://doi.org/10.1371/journal.pone.0072158
https://doi.org/10.4330/wjc.v14.i5.282
https://doi.org/10.1016/j.yexmp.2008.02.004
https://doi.org/10.1016/j.mam.2023.101194
https://doi.org/10.1016/j.hlc.2020.06.017
https://doi.org/10.1016/j.yexmp.2009.06.001
https://doi.org/10.1111/apha.13537
https://doi.org/10.1016/j.yjmcc.2018.08.005
https://doi.org/10.1038/13459
https://doi.org/10.1006/jmcc.1999.1052
https://doi.org/10.1161/hc3401.093154
https://doi.org/10.1161/hc3401.093154
https://doi.org/10.1152/ajpheart.00335.2010
https://doi.org/10.1007/s10557-020-07072-z
https://doi.org/10.1161/hc3401.093154
https://doi.org/10.1111/j.1365-2249.2012.04612.x
https://doi.org/10.2217/imt.10.33
https://doi.org/10.2217/imt.10.33
https://doi.org/10.4049/jimmunol.0902446
https://doi.org/10.3892/ijmm.2015.2204
https://doi.org/10.1093/rheumatology/keaa540
https://doi.org/10.3390/life13020308
https://doi.org/10.1056/NEJMoa1109017
https://doi.org/10.3389/fcvm.2024.1470362
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	The role of IL-17 family cytokines in cardiac fibrosis
	Introduction
	Characteristics of the IL-17 family cytokines
	IL-17 family cytokines in fibrotic diseases
	IL-17A
	IL-17B
	IL-17C
	IL-17D
	IL-17E
	IL-17F

	Cardiac fibrosis
	IL-17 family cytokines in conditions associated with cardiac fibrosis
	Fibrosis in myocardial infarction
	Fibrosis in the pressure-overloaded heart
	Fibrosis in diabetes
	Fibrosis in myocarditis
	Fibrosis in heart failure
	Fibrosis in heart transplantation
	Others

	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


