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turns into a chronic wound [5]. To promote wound heal-
ing, we must take adequate measures in the pro-inflam-
matory stage of chronic wounds [6]. Chronic wounds 
can lead to various issues, including heightened levels 
of pro-inflammatory cytokines, impaired blood circula-
tion at the wound site in patients, elevated white blood 
cell count, increased reactive oxygen species, and suscep-
tibility to bacterial infection [7]. Chronic wounds can-
not follow and complete the wound-healing process and 
will develop into chronic ulcers (such as diabetic ulcers), 
resulting in scars [8]. Currently, due to the aging of the 
world population and the increasing number of patients 
with chronic diseases such as diabetes, poor wound heal-
ing affects millions of people, and medical and health ser-
vices are facing a significant challenge [9, 10].

Nearly 20% of all diabetic patients will develop non-
healing diabetic foot ulcers (DFUs). DFUs refers to the 
wound with impaired healing, prolonged inflammation 
and decreased epithelial kinetics in diabetic patients [11, 
12]. DFUs are difficult to heal, and the influencing factors 
include the production of pro-inflammatory mediators, 
ischemia caused by microvascular complications, specific 

Introduction
Skin tissue healing in the human body is highly intricate 
since it necessitates the coordinated interaction of many 
cell types in both spatial and temporal dimensions [1]. 
Specifically, different cells perform distinct functions 
during hemostasis, inflammation, growth, re-epitheliza-
tion, and remodeling [2]. Different cells and signal mole-
cules that regulate cell response and dynamic remodeling 
of the extracellular matrix can repair tissue damage and 
promote skin wound healing [3]. Wounds are divided 
into acute wounds (burns and surgical wounds, etc.) and 
chronic wounds [4]. In the elderly, diabetics, and patients 
with chronic diseases, the wound usually heals slowly and 
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Abstract
Chronic wounds, resulting from persistent inflammation, can trigger a cascade of detrimental effects including 
exacerbating inflammatory cytokines, compromised blood circulation at the wound site, elevation of white blood 
cell count, increased reactive oxygen species, and the potential risk of bacterial infection. The interleukin-17 (IL-17) 
signaling pathway, which plays a crucial role in regulating immune responses, has been identified as a promising 
target for treating inflammatory skin diseases. This review aims to delve deeper into the potential pathological role 
and molecular mechanisms of the IL-17 family and its pathways in wound repair. The intricate interactions between 
IL-17 and other cytokines will be discussed in detail, along with the activation of various signaling pathways, to 
provide a comprehensive understanding of IL-17’s involvement in chronic wound inflammation and repair.

Keywords  IL-17 pathway, Chronic wounds, Inflammation, Diabetic ulcers, Therapeutic targets

IL-17 in wound repair: bridging acute 
and chronic responses
Xingrui Mu1,2, Rifang Gu3, Ming Tang4, Xingqian Wu1,2, Wenjie He1,2 and Xuqiang Nie1,2*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0002-6926-6515
http://crossmark.crossref.org/dialog/?doi=10.1186/s12964-024-01668-w&domain=pdf&date_stamp=2024-5-24


Page 2 of 12Mu et al. Cell Communication and Signaling          (2024) 22:288 

metabolic defects, and impaired production of healing-
related factors [13]. Therefore, compared with ordinary 
wounds, DFUs have a longer course of disease and a 
more complicated mechanism, which has a great impact 
on the morbidity, mortality and quality of life of patients 
[14].

The pro-inflammatory cytokine known as interleu-
kin-17 (IL-17) plays a role in the development of a wide 
range of disorders, including psoriasis, rheumatoid 
arthritis, and ankylosing spondylitis [15, 16]. In spite of 
the fact that the pro-inflammatory property of IL-17 is 
the primary factor in its ability to protect the host, the 
signal transduction of IL-17 is not constrained in any way 
[17]. There are connections between the IL-17 signaling 
pathway and immunopathology, as well as autoimmune 
disorders and the advancement of cancer [18].

IL-17 was first discovered about 30 years ago. All 
related receptors of the IL-17 family, consisting of six 
members (IL-17  A-17  F), have been discovered [19]. At 
present, studies have shown that IL-17 does not seem 
to directly act on immune cells, but stimulates stromal 
cells like endothelial cells, epithelial cells, and fibroblasts, 
leading to the secretion of various immunomodula-
tory factors [20]. Fibroblasts, when stimulated by IL-17, 
can enhance the in vivo proliferation and maturation of 
immune cells [21]. Within the IL-17 family, both IL-17 A 
and IL-17 F, alongside IL-17E (commonly referred to as 
IL-25), have displayed pro-inflammatory properties, 
which have been extensively studied in experimental and 
clinical settings [22, 23]. Research has demonstrated that 
the IL-17 signaling pathway is an essential component in 
the process of providing targeted treatment for inflam-
matory skin conditions [24].

New evidence from clinical trials shows that mono-
clonal antibodies against IL-17 can effectively treat 
inflammatory skin diseases such as psoriasis, suppura-
tive hidrosis, atopic dermatitis, and pityriasis rubra [24, 
25]. Inhibition of IL-17 inflammation can be achieved 
through direct targeting and indirect targeting [26]. 
Direct targeting refers to blocking downstream cyto-
kines or targeting their receptors, while indirect targeting 
refers to blocking upstream cytokines that produce IL-17 
[27]. However, the role of the IL-17 family in chronic skin 
wounds is unclear and a hot research topic in the future 
[28]. It is necessary to study it further to determine its 
potential as a therapeutic target for chronic wounds [29]. 
New research shows that IL-17  A can cause neutrophil 
inflammation and hinder the process of wound heal-
ing [30]. All these shreds of evidence indicate that IL-17 
members may be related to impaired skin wound healing. 
Moreover, studies on the relationship between wound 
healing and skin tumors confirm how the IL-17 recep-
tor activates the ERK5 axis in Lrig1 stem cells by EGFR 
and provides insights for proliferation and migration in 

the process of wound healing and tumor formation [31]. 
Many studies have emphasized the importance of the 
IL-17 pathway in promoting wound healing, which pro-
vides new possibilities for the treatment and intervention 
of chronic wounds [32].

In this mini-review, we summarized the IL-17 family as 
a prospective therapeutic target and discussed the poten-
tial pathogenic role and molecular mechanism of the 
IL-17 family and its route in the process of wound repair.

IL-17 family
IL-17 is among more than 30 kinds of interleukins 
found, ranking 17th. When CD4+ T cells are activated, 
they release IL-17, which triggers a cascade of events in 
various cell types [33]. This includes the production and 
release of IL-6, IL-8, granulocyte-macrophage stimu-
lating factor (GM-CSF), chemokines, and cell adhesion 
molecule 1 (CAM-1) by epithelial cells, endothelial cells, 
and fibroblasts [34]. This ultimately results in inflamma-
tion. The cells that produce IL-17 can be roughly classi-
fied into two categories [35]. The first category consists 
of Th17 cells, while the second category comprises innate 
immune cells produced in peripheral tissues like the skin 
and the lungs in both humans and mice [36]. These cells 
include CD8+ T cells, natural Th17 cells, natural killer 
(NK) cells, invariant natural killer T cells (iNKT), and γδ 
T cells [37].

The IL-17 family comprises six members (IL-
17 A-17 F), which have multiple biological functions and 
can promote immunity to pathogens and drive inflam-
matory pathology during infection and autoimmunity 
[38]. The five molecules that belong to the IL-17R family, 
IL-17RA to IL-17RE, have been recognized as members 
of the receptor family [23]. It is significant to point out 
that IL-17 A and IL-17 F are substantially similar to one 
another and bind to the same receptor [39]. Moreover, 
both IL-17  A and IL-17  F can be secreted in the form 
of homodimers or heterodimers connected by disulfide 
linkages [40]. Although IL-17B, IL-17 C, and IL-17D pos-
sess the capacity to elicit inflammatory mediators simi-
lar to IL-17 A and IL-17 F, their roles within the immune 
system remain partially comprehended [41]. It is possible 
for T cells and innate immune cells to create IL-17E when 
they are stimulated by an antigen or a pathogen [42]. IL-
17E plays a significant role in both the acquired immune 
responses and the innate immunological responses [43]. 
According to a number of studies, IL-17E has the poten-
tial to cure autoimmune diabetes [44].

IL-17 pathway
A transmembrane domain is present in every single 
receptor subunit, as is common knowledge. Neverthe-
less, the purpose of combining IL-17 A and IL-17RA/RC 
complex is to recruit ubiquitin ligase Act1 by means of 
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the SEF/IL-17R(SEFIR) domain [45]. Previous research 
has demonstrated that Act1 has the ability to bind the 
receptor-related factor 6 (Traf6) of tumor necrosis factor 
(TNF), which ultimately results in the activation of the 
nuclear factor κB (NF-κB) and mitogen-activated protein 
(MAP) kinase pathways (Fig.  1) [46]. Consequently, the 
activation of these pathways results in the up-regulation 
or activation of various inflammatory genes, including 
neutrophil-specific CXC chemokines [47].

IL-17 has been shown to activate NF-κB, a key tran-
scription factor that regulates the expression of various 
inflammatory cytokines and chemokines [18]. Similarly, 
the activation of MAPK pathways by IL-17 can lead to 
enhanced cellular responses that are vital for wound 
healing processes, such as cell migration and prolifera-
tion [48]. Furthermore, the JAK-STAT pathway, when 
stimulated by IL-17, plays a significant role in immune 

cell function and inflammation, directly impacting the 
healing trajectory of DFUs [49–51].

Secukinumab and ixekizumab are monoclonal anti-
bodies that specifically target IL-17  A, a key cytokine 
involved in the pathogenesis of several autoimmune 
diseases. Their ability to selectively inhibit IL-17  A has 
proven beneficial in reducing inflammation and improv-
ing clinical outcomes in diseases such as psoriasis and 
ankylosing spondylitis [52, 53]. Given the similar inflam-
matory mechanisms that exacerbate DFUs, these inhibi-
tors could potentially modulate the immune response in 
the wound environment, thereby enhancing healing and 
reducing complications.

In addition to targeting IL-17 directly, we also explore 
the potential of targeting downstream effectors such as 
JAK inhibitors. These inhibitors can modulate the IL-17 
pathway indirectly and have shown promise in other 
inflammatory diseases. JAK inhibitors, like tofacitinib 

Fig. 1  IL-17 Signaling in DFUs. There are six members in the IL-17 family, including IL-17 A (IL-17), IL-17B, IL-17 C, IL-17D, IL-17E (also known as IL-25) and 
IL-17 F. IL-17 A is the prototype of the IL-17 family. IL-17 F and IL-17 A have the highest homology, about 50%. Both need to bind to the common receptor 
IL-17RA to start signal transduction. The homology of IL-17B-E and IL-17 A could be better. There are five members in the IL-17 receptor family: IL-17R/IL-
17RA, IL-17B R/IL-17RB, IL-17RC, IL-17RD/SEF and IL-17RE. IL-17 family can activate anti-cytokines and chemokines in MAPK, NF-κB, and C/EBPs pathways. 
Act1 is considered the main mediator in this pathway. (By Figdraw.)
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and baricitinib, interfere with the JAK-STAT signaling 
pathway, which is crucial for the transcription of genes 
involved in immune and inflammatory responses [54]. By 
inhibiting this pathway, JAK inhibitors could potentially 
reduce the excessive inflammatory response observed 
in DFUs, promoting a more conducive environment for 
wound healing.

Act1 plays a crucial role in IL-17 signal transduction, 
and its destruction by the proteasome will occur follow-
ing the alteration of the ubiquitin chain connected with 
lysine number 48 [55]. In response to sustained stimula-
tion with IL-17, the F-box E3 ubiquitin ligase, which is 
a protein that contains β-TrCP, is responsible for cata-
lyzing this process [56]. It is crucial to note that TRAF6 
helps activate the MAPK pathway that IL-17 induces to 
activate transcription factors like AP-1 [57]. Act1 medi-
ates this activation [58]. There are a number of regulatory 
mechanisms that are used to fine-tune the TRAF6-medi-
ated IL-17 signal transduction in order to reduce the 
inflammation that is generated by IL-17 [59]. IL-17, 
despite diminishing the signal output, can still amplify 
the inflammatory response through a feedforward mech-
anism [57]. This means that IL-17 has the power to stim-
ulate inflammation further, even though its control over 
the MAPK and NF-κB pathways is mediated by TRAF6 
[60]. This mechanism is involved in the participation of 
additional transcription factors, such as IkBζ and CCAT/
enhancer binding protein (C/EBP).

The interaction between EGFR and the IL-17 receptor 
complex in skin Lrig1 stem cells is facilitated by TRAF4 
upon stimulation with IL-17 [61]. This leads to the close 
proximity of IL-17R and EGFR, allowing Act1 to recruit 
c-Src for phosphorylation of EGFR induced by IL-17  A 
[31]. Consequently, this activation triggers the MEKK3-
MEK5-ERK5 pathway [62]. Because of the activation of 
this axis, Lrig1+ cells will be stimulated to create progeny 
that are responsible for wound healing and carcinogen-
esis. Certain functions that are derived from the IL-17 
pathway are necessary for the healing of wounds. There 
are multiple sources of IL-17, including CD4+ Th17 
cells, γδ T17 cells, and CD8+ Tc17 cells [63]. According 
to studies, IL-17 exerts its influence on fibroblasts, caus-
ing them to generate vascular endothelial growth factor 
(VEGF), CXCL1, and REG3α, all of which are crucial for 
wound healing [64].

On the other hand, this demonstrates that IL-17 is an 
essential component in the process of facilitating wound 
repair. VEGF is one of these factors that can stimu-
late vascular healing following the creation of a wound 
[65]. On the other hand, CXCL1 has a significant role 
in the recruitment of neutrophils that secrete MMP-9, 
which continues to be beneficial for the improvement of 
wound repair [66]. One of the most critical components 
in wound repair is that the related cells, which include 

Lgr5 + stem cells, be present [67]. The synergistic signal 
transduction of IL-17R and EGFR on these stem cells 
has been shown to have a major impact on the process of 
wound repair following an injury, according to the find-
ings of several pieces of research [31]. It is important to 
note that in addition to secreting IL-17, Tc17 cells are 
also capable of producing amphiregulin, which is a pro-
tein that plays a significant role in wound repair [68].

The IL-17 pathway regulates skin tissue repair and 
promotes acute wound healing
Studies conducted in recent years have demonstrated 
that IL-17 is responsible for driving epithelial HIF-1α 
[69], which in turn promotes wound repair through 
glycolysis [70]. IL-17  A/F, which is supplied by skin-
dwelling RORγt+ γδ T cells that have been expanded, is 
also required for optimum HIF-1α activation in wound 
marginal epithelial cells when hypoxia is present [71]. 
Through the IL-17 A signal transduction of the IL-17RC 
receptor, it is possible to rapidly stimulate ERK/AKT/
mTOR, hence boosting the mRNA and protein levels of 
HIF-1α [50]. For the purpose of facilitating migration, the 
IL-17-HIF-1α axis serves as guidance for the transcrip-
tion and functional program of glycolysis [72]. Based on 
the findings of this investigation, it has been determined 
that the IL-17  A-HIF-1α axis has the potential to offer 
therapeutic prospects for a variety of epithelial inflam-
mation and metastatic disorders [73].

The aseptic skin removal from C57BL/6 mice resulted 
in an early upregulation of interleukin-1β, TNFα, and 
oncostatin-M (OSM). However, there was no observed 
suppression of IL-22 and IL-17  A/F [74]. The introduc-
tion of Staphylococcus aureus and Pseudomonas aeru-
ginosa into the wounds not only induced an elevation in 
IL-1β and OSM expression but also led to a significant 
augmentation in cutaneous levels of IL-22, IL-17 A, and 
IL-17 F. In addition, it resulted in an increase in the infil-
tration of IL-17  A by γδT17 cells and potentially led to 
the production of IL-22 [75]. Mice with skin infections 
experienced a deceleration in the wound healing process 
compared to those without any infection. The combined 
effects of bacterial infection on IL-22 and IL-17 activ-
ity contribute to prolonging the duration required for 
wound healing.

Moreover, there is an unexpected role played by IL-17 
in impeding the recovery of skin wounds. Research has 
shown the negative impact of IL-17 A on the skin wound 
healing process during acute wound healing. IL-17  A 
knockout (KO) mice exhibited enhanced wound closure, 
myofibroblast differentiation, and collagen deposition 
while experiencing reduced neutrophil accumulation. 
This was in comparison to wild-type (WT) animals. On 
the other hand, the injection of recombinant IL-17  A 
results in a delay in the healing of wounds, a decrease 
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in collagen deposition, and an increase in the number 
of neutrophils. In addition, the application of a neutro-
phil elastase inhibitor to IL-17 A KO mice can enhance 
wound repair to a level comparable to that observed in 
WT mice. These findings suggest that IL-17 A acts as a 
factor impeding the progression of wound healing, and 
the inflammation caused by IL-17 A-induced neutrophils 
may contribute to the detrimental effects during skin 
wound recovery. For the purpose of isolating, identifying, 
and internalizing ADSC-Exo, fibroblasts (HSF) gener-
ated from HS were utilized [76]. When the wound was 
treated with ADSC-Exo, it healed more quickly, and there 
was less collagen deposition than in the other groups. 
Another aspect to consider is the strong expression of 
miR-192-5p in ADSC-Exo and ADSC-Exosomal miR-
192-5p, which holds the potential for improving hyper-
trophic scar fibrosis. Simultaneously, miR-192-5p targets 
the expression of IL-17RA, leading to a reduction in the 
availability of pro-fibrotic protein.

Furthermore, it was observed that the expression of 
IL-17RA was elevated in both HS and HSFs. Silencing 
IL-17RA led to a reduction in the levels of Col1, Col3, 
α-SMA, and p-Smad2/p-Smad3 in HSFs while simultane-
ously inducing an upregulation of SIP1 expression. One 
of the most notable benefits of inhibiting IL-17RA is that 
it speeds up the healing process of wounds, reduces the 
formation of collagen, and controls the Smad pathway in 
HSFs.

MAIT cells in the skin are the primary group of lym-
phocytes that produce IL-17 A in adults [77]. These cells 
exhibit evident transcriptional characteristics and are 
able to react to the symbiotic link between the skin and 
the immune system in a manner that is dependent on 
IL-1, IL-18, and antigen factors. Therefore, the local acti-
vation of MAIT cells in the skin is beneficial to the heal-
ing process of wounds.

Antibacterial and antioxidant activities are associated 
with Thymol (THY) [78]. More recently, studies have 
demonstrated that THY possesses both anti-inflamma-
tory and therapeutic effects. Based on in vivo investiga-
tions, significant differences were observed in the levels 
of IL-1, IL-17, TNF-α, AST, MPO, and CRP between the 
experimental group and control group. The control group 
exhibited higher levels compared to the experimental 
group. THY possesses several important properties, such 
as anti-inflammatory effects and potential improvements 
in digestive system function, cardiovascular health, respi-
ratory system function, skin damage repair, and burn 
healing. It is essential to investigate and elucidate the 
dose-response relationship as well as the mechanism of 
action of THY, particularly in the context of the utiliza-
tion of THY as a therapeutic agent.

Several studies have delved into the impact of dendritic 
epidermal T cells (DETCs) and Vγ4 T lymphocytes on 

mouse epidermal cell proliferation, differentiation, and 
wound healing [79]. In relation to the wound healing 
process, DENTC’s secretion of IGF-I can promote the 
growth of mouse keratin 14 positive epidermal cells and 
hinder their final maturation. Conversely, Vγ4 T lympho-
cytes’ secretion of IL-17 A can stimulate the proliferation 
and final maturation of mouse keratin 14 positive epider-
mal cells. Consequently, both IGF-I and IL-17 A possess 
the potential to impact wound healing.

Research was conducted to investigate the site-spe-
cific modulation of inflammatory mediators in order to 
enhance the healing of various wounds in lizard tails and 
limbs [80]. This was accomplished by analyzing the level 
of healing that occurred in various wounds on the lizard’s 
tail and limbs. The results of this study shed light on the 
new function that IL-17 and IL-22 play in wound healing. 
The reduction of IL-17 in the tail leads to the emergence 
of IL-22, which promotes wound healing without scar 
formation by creating a favorable environment for repair. 
On the other hand, the synergistic rise of IL-17 and IL-22 
creates a niche that is suited for the healing of limb scar 
wounds, which eliminates the potential for renewal of the 
scar.

The potential for healing that cinnamaldehyde pos-
sesses in mouse skin wounds that have been infected 
with Pseudomonas aeruginosa was investigated, as was 
the mechanism that is involved in this reaction [81]. 
Additionally, the metabolic rate of Pseudomonas aeru-
ginosa was slowed down by the sub-inhibitory dose of 
cinnamaldehyde, which also reduced the bacteria’s capac-
ity to form biofilm and cause hemolysis. By applying 
cinnamaldehyde to the skin wound that is infected with 
Pseudomonas aeruginosa on a daily basis, it is possible to 
lessen the number of bacteria that are present in the tis-
sue and to hasten the healing process. Cinnamaldehyde 
was used to treat wound samples, and the results showed 
that low amounts of VEGF, nitric oxide, and IL-17 were 
determined. Anchin 1, which is the pharmacological tar-
get of cinnamaldehyde, was able to block the transient 
receptor potential, abolish its healing function, and par-
tially reverse the inhibitory effect that the substance had 
on VEGF and IL-17. When it comes to improving the 
healing process of skin wounds that have been infected 
by Pseudomonas aeruginosa, it is believed that the local 
application of cinnamaldehyde at a concentration that 
is below the inhibitory threshold could be an intriguing 
strategy.

Targeting IL-17 pathways for enhanced healing in 
chronic wounds and DUFs
ECM formation and remodeling
In diabetic conditions, the extracellular matrix (ECM) 
undergoes significant alterations that critically impair 
wound healing processes. This section delves into the 
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modifications of ECM components under diabetic states 
and their implications for wound repair. Diabetic envi-
ronments are characterized by persistent hyperglycemia, 
which influences the structure and function of ECM pro-
teins such as fibronectin and collagen. These proteins are 
essential for the structural integrity and signaling func-
tions necessary for effective wound healing.

IL-17 plays a pivotal role in the dysregulation of ECM 
remodeling in DFUs. The cytokine influences various 
cellular activities that disrupt normal ECM composition 
and organization. For instance, IL-17 has been shown 
to enhance the expression of matrix metalloproteinases 
(MMPs), which are enzymes that degrade ECM compo-
nents, leading to an imbalance in the synthesis and deg-
radation of fibronectin and collagen [28]. This disruption 
contributes to the chronicity of wounds observed in dia-
betic patients, as the ECM fails to provide a conducive 
scaffold for cell migration and proliferation, essential for 
wound closure.

Furthermore, IL-17 can induce the expression of pro-
inflammatory cytokines in DFUs, exacerbating inflamma-
tion and further hindering the healing process by altering 
ECM dynamics [28]. The chronic inflammatory state 
maintained by IL-17 not only prevents the resolution of 

inflammation but also promotes fibrosis, which can lead 
to the stiffening of the ECM and impaired functionality 
[82].

Understanding the interaction between IL-17 and ECM 
components in DFUs is crucial for developing targeted 
therapies that can modulate this pathway, potentially 
reversing the impaired healing processes seen in diabetic 
patients (Fig. 2).

Angiogenesis
IL-17 is known to exert a dual influence on angiogenesis, 
acting as both a promoter and an inhibitor of new blood 
vessel formation, depending on the cellular and cytokine 
milieu. Research indicates that IL-17 can enhance the 
expression of angiogenic factors such as VEGF, which 
stimulates endothelial cell proliferation and new vessel 
formation. However, IL-17 also contributes to an inflam-
matory environment that can adversely affect endothelial 
cell function and angiogenesis. For instance, IL-17 has 
been shown to increase the production of pro-inflamma-
tory cytokines and chemokines, which can lead to endo-
thelial dysfunction and impaired angiogenic response 
[83, 84].

Fig. 2  The role of IL-17 pathway in four stages of chronic wound healing. Wound healing is divided into four stages: (1) The first stage of healing is 
hemostasis. At this stage, the body activates the emergency repair system and blood coagulation system. (2) The second stage is called the defense/
inflammation stage. The emphasis is on destroying bacteria and removing debris, which is often accompanied by edema, erythema (red skin), heat and 
pain. (3) The third stage is the proliferation stage. This period can be divided into epithelial regeneration and granulation. It is mainly the proliferation 
and differentiation of fibroblasts and endothelial cells and the formation of new capillaries, which together form granulation tissue and fill and cover the 
wound. (4) The fourth stage is the remodeling stage. After the repair stage, the wound has initially healed. With the passage of time, the scar tissue, scab, 
etc. of the wound are gradually adjusted to repair the tissue to adapt to the physiological function, and finally the appearance and function of the injured 
part are improved. (By Figdraw.)
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The complexity of IL-17’s role in angiogenesis under 
diabetic conditions suggests that targeting this cytokine 
could offer a nuanced approach to modulating angiogenic 
responses in DFUs. By either enhancing its angiogenic 
promotions or mitigating its inhibitory effects, therapeu-
tic strategies could be tailored to the specific needs of the 
wound healing stage and individual patient pathology.

Collagen formation
Collagen, a principal component of the extracellular 
matrix, plays a crucial role in wound healing by provid-
ing structural support and integrity. In the context of 
DFUs, efficient collagen synthesis and stabilization are 
often compromised, contributing to the chronic nature 
of these wounds.IL-17 has been shown to induce the 
expression of matrix metalloproteinases (MMPs), partic-
ularly MMP-1 and MMP-9, which degrade collagen and 
other ECM components. This enzymatic activity disrupts 
the normal collagen architecture, leading to a weakened 
structural matrix in the wound bed and impaired heal-
ing outcomes [85, 86]. Additionally, IL-17 can skew the 
balance of collagen synthesis by fibroblasts, promoting 
the production of non-functional, disorganized colla-
gen fibers, further exacerbating the healing challenges in 
DFUs [87].

The destabilizing effects of IL-17 on the collagen 
matrix not only delay wound closure but also affect the 
mechanical properties of the healed tissue, increasing the 
susceptibility to re-injury. By elucidating the mechanisms 
through which IL-17 modulates collagen dynamics, our 
manuscript underscores the potential therapeutic ben-
efits of targeting this cytokine to improve wound healing 
in diabetic patients.

Infection
IL-17 is known to play a pivotal role in the host defense 
against pathogens by regulating the activities of various 
immune cells and the production of antimicrobial pep-
tides. However, in the context of DFUs, the dysregulated 
expression of IL-17 can contribute to an exacerbated 
inflammatory response and altered wound microbiome, 
which can complicate infection management and impair 
healing processes.

For instance, elevated levels of IL-17 can enhance the 
recruitment of neutrophils and other immune cells to 
the wound site, which, while crucial for combating infec-
tions, can also lead to tissue damage if not properly 
regulated. Additionally, IL-17 can affect the expression 
of antimicrobial peptides that are essential for control-
ling microbial growth directly at the wound site [88–90]. 
This provides a clearer link between infection dynamics 
and other pathological aspects of DFUs, such as inflam-
mation and tissue remodeling, emphasizing the potential 

therapeutic benefits of modulating IL-17 to improve out-
comes in DFUs management.

Inflammation
Even though diabetic ulcers are a formidable complica-
tion of diabetes, the therapeutic methods that are cur-
rently available are unable to generate satisfying results. 
Through the use of the RNA-seq technique, the effects of 
Cortex Phellodendri Liniment (HB) and berberine on the 
wound healing process in diabetic rats that a high-fat diet 
and streptozotocin injection had caused were investi-
gated further [91]. When locally applied, HB exhibits the 
potential to enhance wound healing in individuals with 
diabetes, including diabetic rats. Additionally, it exerts 
an impact on various mechanisms, notably the IL-17 sig-
naling pathway, which holds particular importance. HB 
effectively reduced the excessive expression of IL-17 and 
its downstream targets (such as CXCL1, CCL2, MMP3, 
MMP9, G-CSF, IL-1β, and IL-6) in DFUs while simulta-
neously enhancing T-AOC levels, SOD activity, and GSH 
levels.

Furthermore, IL-17  A was inhibited by its inhibitors 
or antibodies, which caused a significant increase in the 
rate of wound healing. The levels of nitro tyrosine and 
8-OHdG are decreased, while the expression of CD31, 
PDGF-BB, and ANG1 that are associated with angio-
genesis is increased; the amount of cleaved caspase-3 is 
inhibited, and TIMP1 and TGF-β1 are promoted. Addi-
tionally, berberine, which is the primary component of 
HB, suppresses the IL-17 signaling pathway and acceler-
ates the healing of DFUs.

Research has shown that the improved GO-based 
wound dressing has the potential to increase the produc-
tion of sEVs by increasing the amount of miR-21 that is 
produced by AD-MSCs [92]. In order to enhance wound 
healing in the diabetic foot (DF), it has been discovered 
through bioinformatics research and testing that PVT1 
is the most important long noncoding RNA (lncRNA). 
Additionally, the axis of PVT1/PTEN/IL-17 is altered 
through the modification of miR-21. The GSK-3b level 
can be reversed by the PI3K/Akt signaling pathway, 
counteracting the impact of IL-17. At the same time, it 
can also ensure proper checkpoint angiogenesis and 
improve the damaged microcirculation under DF back-
ground conditions. This approach is employed to provide 
additional insights into the role of materials in control-
ling the recovery process of diabetic ulcers.

Interleukin-25 (IL-25) is a type of protein in the body 
known as a cytokine. Its primary role is to act as an alarm 
system and respond to any damage that occurs to tis-
sues [93]. IL-25, in addition to its role in tissue regen-
eration and glucose homeostasis maintenance, also 
plays a crucial yet incompletely understood function in 
the healing process of DFUs. Studies have revealed that 
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interleukin-17 receptor B (IL-17RB) acts as a functional 
receptor for IL-25. Interestingly, the expression of IL-
17RB is significantly suppressed in the injured skin of 
diabetic patients suffering from DFUs and in mice with 
streptozotocin (STZ)-induced diabetes [94]. The local-
ized application of recombinant IL-25 protein may 
potentially to improve angiogenesis and collagen depo-
sition in DFUs beds, thereby optimizing wound healing 
delay.

Additionally, exogenous IL-25 can safeguard endo-
thelial cells against the negative effects of high glucose 
levels on cell migration and tube formation in vitro. In 
DFUs, IL-25 is responsible for increasing the expres-
sion of endothelium-specific CD31. Furthermore, it 
was observed that IL-25 mediated the signal transduc-
tion of IL-17RB, thereby inhibiting the suppression of 
the Wnt/β-Catenin pathway in both in vivo and in vitro 
experiments conducted on HUVECs from diabetic mice. 
Moreover, it triggered the activation of AKT and ERK 1/2 
in HUVECs upon exposure to elevated glucose levels. 
This investigation aimed to ascertain the beneficial regu-
latory influence exerted by IL-25-induced IL-17RB signal 
transduction on the recovery mechanism of wounds in 
individuals with diabetes. The outcomes of their study 
implied that the induction of IL-25-induced IL-17RB 
signal transduction might represent a promising innova-
tive approach to rectifying insufficient healing of wounds 
in diabetic patients. To investigate the differences in the 
innate immune response that occur throughout the heal-
ing process between DFUs and normal wounds, a mouse 
model was utilized. On the back skin of BKS, two full-
thickness wounds of 5 millimeters each were generated. 
The purpose of this study is to establish whether or not 
DFUs contain higher amounts of IL-17 and IL-20 [95]. 
These cytokines are also raised in inflammatory skin ill-
nesses like psoriasis, and it is possible that they could be 
therapeutic targets that could assist in the healing of dia-
betic infections and wounds.

PZH, also referred to as Pien Tze Huang, is an approved 
medication utilized for the standardized and validated 
treatment of diverse wound types. The primary objective 
of this research was to systematically examine the impact 
and mechanism of administering PZH through intra-
gastric injection (I-PZH) on the wound healing process 
in individuals with diabetes [96]. However, it does not 
have any effect on the level of glucose in the blood when 
the rats are fasting. I-PZH can stimulate wound healing, 
promote the synthesis of extracellular matrix, and main-
tain the weight of rats. The RNA-seq analysis revealed 
that I-PZH exhibited anti-inflammatory properties, with 
TLR2, IL-17 A, and IL-1β identified as the most signifi-
cant common targets. Further investigations demon-
strated that the application of I-PZH in DFUs resulted in 
decreased levels of TLR2, IL-17 A, and IL-1β, while also 

promoting the healing process of DFUs. When inflam-
mation occurs, myeloid-derived suppressor cells (MDSC) 
begin to collect. These cells regulate Kruppel-like factor 
4 (KLF4), which in turn promotes the healing of chronic 
wounds. The aim of this study is to explore the potential 
contributions of MDSC and KLF4 in the recovery pro-
cess of wounds in individuals with diabetes. The wound 
healing process was evaluated using a pressure ulcer 
(PU) model derived from an ob/ob mouse. The absence 
of KLF4 in the diabetic PU model led to a reduction in 
the formation of mesenchymal stem cells (MSCs), an 
increase in the proliferation of Th17 cells, and a notice-
able delay in the restoration of wound healing.

On the other hand, APTO-253 is responsible for acti-
vating KLF4, which speeds up the healing process of 
wounds. Additionally, there was an increase in the pop-
ulation of MDSC cells alongside a decrease in the num-
ber of Th17 cells [97]. There is evidence suggesting that 
MDSCs have the potential to influence the differen-
tiation of Th17 cells by utilizing cytokines. According to 
the findings of our in vitro research, an increase in the 
expression of KLF4 in MDSCs results in a reduction in 
the number of Th17 cells, which in turn leads to a drop in 
the number of cytokines that are required for the differ-
entiation of Th17 cells.

It is generally accepted that various subsets of macro-
phages have distinct impacts on wound healing, which 
can sometimes be in direct opposition [98]. Using multi-
label flow cytometry and RNA expression array analysis, 
it is characterized by low Ly6c and high MHCII levels in 
wound granulation tissue. This subset experienced a pro-
portional and absolute increase throughout the normal 
wound-healing process. However, it was absent in the 
ob/ob and MYD88−/− models, which exhibit delayed heal-
ing. It was also shown that IL-17 is the primary cytokine 
that differentiates this population from pro-inflammatory 
macrophages. Furthermore, it was demonstrated that 
reducing IL-17 by blocking Ab or IL-17 A−/−mice could 
speed up both normal and delayed healing processes.

In the intricate environment of DFUs healing, IL-
17-secreting immune cells play a multifaceted role. 
While they contribute to the inflammatory processes 
that exacerbate wound pathology, they are also pivotal 
in combating infection and facilitating the tissue repair 
mechanisms. Recent studies suggest that the timing and 
intensity of IL-17 expression are critical, with early-phase 
activity linked to necessary inflammatory responses and 
prolonged activity associated with chronic inflammation 
and delayed healing [99]. Thus, therapeutic strategies that 
selectively modulate IL-17 production or activity during 
specific phases of the healing process may offer a more 
balanced approach to managing DFUs inflammation 
without compromising tissue repair and regeneration 
[100].
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For instance, localized therapies that reduce IL-17 
activity during the inflammatory phase of wound heal-
ing but taper off as healing progresses could potentially 
optimize outcomes. Such approaches would benefit from 
advanced drug delivery systems that allow for controlled 
release of IL-17 inhibitors, aligning drug activity with the 
wound healing stages [101].

Conclusion
The involvement of IL-17 family members in derma-
tological conditions suggests that they may play a sig-
nificant role in developing and progressing of chronic 
wounds. Chronic wounds, such as pressure ulcers, dia-
betic foot ulcers, and venous leg ulcers, are characterized 
by impaired healing processes and prolonged inflam-
mation. Understanding the contribution of IL-17 family 
members to chronic wound formation could lead to novel 
therapeutic strategies targeting this pathway. By modu-
lating IL-17 levels or blocking its signaling pathways, it 
might be possible to alleviate chronic inflammation and 

promote more efficient wound healing. An essential goal 
in the future is to understand the precise mechanism 
of the IL-17 pathway and TH17 cell regulation during 
inflammation and wound healing to design targeted ther-
apy for inflammatory diseases, including infection and 
immune mediation. Overall, further research into the 
involvement of IL-17 family members in dermatological 
conditions holds promise for improving our understand-
ing of chronic wound pathogenesis and developing tar-
geted interventions for better patient outcomes (Fig. 3).
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proliferation, control the high expression of downstream targets, and reduce the release of inflammatory factors. In order to improve the delay of wound 
healing, regulating the IL-17 signaling pathway may be a new effective strategy. (By Figdraw.)
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