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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 |L-17 pathway, Chronic wounds, Inflammation, Diabetic ulcers, Therapeutic targets

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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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
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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 Lrigl stem cells by EGFR
and provides insights for proliferation and migration in
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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-CSEF), 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 yd
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 Actl by means of
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the SEF/IL-17R(SEFIR) domain [45]. Previous research
has demonstrated that Actl 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 kB (NF-kB) 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-«B, 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
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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
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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
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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.

Actl 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 B-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]. Actl 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-kB pathways is mediated by TRAF6
[60]. This mechanism is involved in the participation of
additional transcription factors, such as IkB{ and CCAT/
enhancer binding protein (C/EBP).

The interaction between EGFR and the IL-17 receptor
complex in skin Lrigl stem cells is facilitated by TRAF4
upon stimulation with IL-17 [61]. This leads to the close
proximity of IL-17R and EGEFR, allowing Actl to recruit
c-Src for phosphorylation of EGFR induced by IL-17 A
[31]. Consequently, this activation triggers the MEKK3-
MEKS5-ERK5 pathway [62]. Because of the activation of
this axis, Lrigl* 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* Thl7
cells, y8 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 REG3aq, 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
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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, Tcl7 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-1a
[69], which in turn promotes wound repair through
glycolysis [70]. IL-17 A/E, which is supplied by skin-
dwelling RORyt" y8 T cells that have been expanded, is
also required for optimum HIF-1a 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-1a [50]. For the purpose of facilitating migration, the
IL-17-HIF-1a 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-1a 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-1p, TNFa, 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-1p and OSM expression but also led to a significant
augmentation in cutaneous levels of IL-22, IL-17 A, and
IL-17 E. In addition, it resulted in an increase in the infil-
tration of IL-17 A by y8T17 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 Coll, Col3,
a-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-a, 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 Vy4 T lymphocytes on

Page 5 of 12

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, Vy4 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 VEGEF, 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
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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 VEGE, 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].
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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
DEFUs, 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
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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-CSE, IL-1p, 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,
PDGEF-BB, and ANGI] that are associated with angio-
genesis is increased; the amount of cleaved caspase-3 is
inhibited, and TIMP1 and TGF-P1 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 (IncRNA).
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/p-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-1f identified as the most signifi-
cant common targets. Further investigations demon-
strated that the application of [-PZH in DFUs resulted in
decreased levels of TLR2, IL-17 A, and IL-1f, while also
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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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Fig. 3 The process of IL-17 signaling pathway promoting chronic wound healing. In the process of chronic wound healing of skin tissue, the synergistic
effect of endothelial cells, fibroblasts, macrophages, and other cells is inseparable. Effective regulation of the IL-17 signaling pathway can reduce Th17 cell
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.)

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).

Abbreviations

Actl Nuclear factor-kappa B activator 1, or TRAF3IP2, or CIKS
AKT Serine/threonine kinase 1

ANGI1 Angiopoietin-1

CD31 Platelet endothelial cell adhesion molecule-1
CXCL1 Chemokine (C-X-C motif) ligand 1

DFUs Diabetic foot ulcer

ECM Extracellular matrix

EGFR Epidermal growth factor receptor

ERK Extracellular regulated protein kinases

HIF-1 Hypoxia inducible factor-1

HSF Human skin fibroblasts



Mu et al. Cell Communication and Signaling (2024) 22:288

KLF4 Krueppel-like factor 4

Lrig1 Recombinant leucine rich repeats and immunoglobulin like
domains protein 1

MDSC Myeloid-derived suppressor cells

MHCII Major histocompatibility complex class ii

MMP3 Matrix metalloproteinase-3

MHCII Major histocompatibility complex class ii

NF-kB Nuclear factor kappa-B

PDGF-BB  Platelet-derived growth factor BB

Smad Drosophila mothers against decapentaplegic

Th17 T helper cell 17

TIMP1 Tissue Inhibitor of Metalloproteinase 1

TLR2 Toll-like receptor 2

TRAF6 TNF receptor associated factor 6

VEGF Vascular endothelial growth factor

Author contributions

Xingrui Mu: Conceptualization, Writing — original draft. Rifang Gu, Ming Tang:
Writing — review & editing. Xinggian Wu, Wenjie He: Visualization. Xugiang
Nie: Writing - review & editing, Funding acquisition, Supervision. All authors
reviewed the manuscript.

Funding

This study was supported by the National Natural Science Foundation of
China (No. 82160770), the Guizhou Provincial Natural Science Foundation (No.
QKH-J-2020-12070), Outstanding Young Scientific and Technological Talents
Project of Guizhou Province (No. 2021-5639), Zunyi Science and Technology
Talent Platform Carrier Construction Project (No. ZSKRPT2023-1).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Compliance with ethics requirements
This review does not contain any studies with human or animal subjects.

Competing interests
The authors declare no competing interests.

Received: 7 March 2024 / Accepted: 18 May 2024
Published online: 27 May 2024

References

1. Rodrigues M, Kosaric N, Bonham CA, Gurtner GC. Wound Healing: a Cellular
Perspective. Physiol Rev. 2019,99:665-706.

2. TanF Li X, Wang Z, LiJ, Shahzad K, Zheng J. Clinical applications of stem cell-
derived exosomes. Signal Transduct Target Ther. 2024,9:17.

3. Castafo O, Pérez-Amodio S, Navarro-Requena C, Mateos-Timoneda MA,
Engel E. Instructive microenvironments in skin wound healing: Biomaterials
as signal releasing platforms. Adv Drug Deliv Rev. 2018;129:95-117.

4. Chin JS, Madden L, Chew SY, Becker DL. Drug therapies and delivery
mechanisms to treat perturbed skin wound healing. Adv Drug Deliv Rev.
2019;149-150:2-18.

5. Pugliese E, Coentro JQ, Raghunath M, Zeugolis DI. Wound healing and scar
wars. Adv Drug Deliv Rev. 2018;129:1-3.

6. Lai JC-Y, Lai H-Y, Nalamolu KR, Ng S-F. Treatment for diabetic ulcer wounds
using a fern tannin optimized hydrogel formulation with antibacterial and
antioxidative properties. J Ethnopharmacol. 2016;189:277-89.

7. Graves N, Phillips CJ, Harding K. A narrative review of the epidemiology and
economics of chronic wounds. Br J Dermatol. 2022;187:141-8.

8. Harding KG. Chronic wounds: a clinical problem requiring ownership and
coordination. Br J Dermatol. 2022;187:133-4.

9. Manchanda M, Torres M, Inuossa F, Bansal R, Kumar R, Hunt M, et al. Metabolic
reprogramming and Reliance in Human skin Wound Healing. J Invest Derma-
tol. 2023;143:2039-e205110.

10.  Hunt M, Torres M, Bachar-Wikstrom E, Wikstrom JD. Multifaceted roles of
mitochondria in wound healing and chronic wound pathogenesis. Front Cell
Dev Biol. 2023;11:1252318.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 10 of 12

Mu X, Wu X, He W, Liu Y, Wu F, Nie X. Pyroptosis and inflammasomes in
diabetic wound healing. Front Endocrinol (Lausanne). 2022;13:950798.

He W, Mu X, Wu X, LiuY, Deng J, Liu Y, et al. The cGAS-STING pathway:

a therapeutic target in diabetes and its complications. Burns Trauma.
2024;12:tkad050.

Yuan J,Wang S, Yang J, Schneider KH, Xie M, Chen Y et al. Recent advances in
harnessing biological macromolecules for wound management: a review. Int
J Biol Macromol. 2024;130989.

PmT,APR, GR, FR,SFYAS et al. Multifunctional and theranostic hydrogels
for wound healing acceleration: An emphasis on diabetic-related chronic
wounds. Environmental research [Internet]. 2023 [cited 2024 Mar 25];238.
https://pubmed.ncbi.nim.nih.gov/37716390/.

Miossec P, Kolls JK. Targeting IL-17 and TH17 cells in chronic inflammation.
Nat Rev Drug Discov. 2012;11:763-76.

Kim B-S, Park Y-J, Chung Y. Targeting IL-17 in autoimmunity and inflammation.
Arch Pharm Res. 2016;39:1537-47.

Amatya N, Garg AV, Gaffen SL. IL-17 signaling: the Yin and the Yang. Trends
Immunol. 2017;38:310-22.

Gaffen SL. Structure and signalling in the IL-17 receptor family. Nat Rev
Immunol. 2009,9:556-67.

Huangfu L, Li R, Huang Y, Wang S.The IL-17 family in diseases: from bench to
bedside. Signal Transduct Target Ther. 2023,8:402.

Wei L, Abraham D, Ong V. The Yin and Yang of IL-17 in systemic sclerosis. Front
Immunol. 2022;13:885600.

BS, S O.The dichotomous nature of T helper 17 cells. Nature reviews Immu-
nology [Internet]. 2017 [cited 2024 Jan 13];17. https://pubmed.ncbi.nim.nih.
gov/28555673/.

Kawaguchi M, Adachi M, Oda N, Kokubu F, Huang S-K. IL-17 cytokine family. J
Allergy Clin Immunol. 2004;114:1265-73. quiz 1274.

Iwakura Y, Ishigame H, Saijo S, Nakae S. Functional specialization of interleu-
kin-17 family members. Immunity. 2011;34:149-62.

LiuT, LiS,Ying S, Tang S, Ding Y, Li Y, et al. The IL-23/IL-17 pathway in
inflammatory skin diseases: from bench to Bedside. Front Immunol.
2020;11:594735.

Feldmeyer L, Mylonas A, Demaria O, Mennella A, Yawalkar N, Laffitte E, et al.
Interleukin 23-Helper T cell 17 Axis as a treatment target for Pityriasis Rubra
Pilaris. JAMA Dermatol. 2017;153:304-8.

Fletcher JM, Moran B, Petrasca A, Smith CM. IL-17 in inflammatory skin
diseases psoriasis and hidradenitis suppurativa. Clin Exp Immunol.
2020;201:121-34.

Malvaso D, Calabrese L, Chiricozzi A, Antonelli F, Coscarella G, Rubegni P, et al.
IL-17 inhibition: a valid therapeutic strategy in the management of Hidrad-
enitis Suppurativa. Pharmaceutics. 2023;15:2450.

Hadian Y, Bagood MD, Dahle SE, Sood A, Isseroff RR. Interleukin-17: potential
target for chronic wounds. Mediators Inflamm. 2019;2019:1297675.

Yj N, Sh W, Yh X. G Y. Role of IL-17 family cytokines in the progression of IPF
from inflammation to fibrosis. Military Medical Research [Internet]. 2022
[cited 2024 Jan 13];9. https://pubmed.nchi.nlm.nih.gov/35550651/.

Takagi N, Kawakami K, Kanno E, Tanno H, Takeda A, Ishii K, et al. IL-17A pro-
motes neutrophilic inflammation and disturbs acute wound healing in skin.
Exp Dermatol. 2017,26:137-44.

Chen X, Cai G, Liu C, Zhao J, Gu C, Wu L, et al. IL-17R-EGFR axis links wound
healing to tumorigenesis in Lrig1+ stem cells. J Exp Med. 2019,216:195-214.
Lee J, Rodero MP, Patel J, Moi D, Mazzieri R, Khosrotehrani K. Interleukin-23
regulates interleukin-17 expression in wounds, and its inhibition accelerates
diabetic wound healing through the alteration of macrophage polarization.
FASEB J. 2018;32:2086-94.

Pandiyan P McCormick TS. Regulation of IL-17A-Producing cells in skin
inflammatory disorders. J Invest Dermatol. 2022;142:867-75.

Zhang S, Zhang J,Yu J, Chen X, Zhang F, Wei W, et al. Hyperforin ameliorates
Imiquimod-Induced Psoriasis-Like Murine skin inflammation by modulating
IL-17A-Producing yo T cells. Front Immunol. 2021;12:635076.

Pappu R, Ramirez-Carrozzi V, Ota N, Ouyang W, Hu Y. The IL-17 family cyto-
kines in immunity and disease. J Clin Immunol. 2010;30:185-95.

Jiang X, Zhou R, Zhang Y, Zhu T, Li Q Zhang W. Interleukin-17 as a potential
therapeutic target for chronic pain. Front Immunol. 2022;13:999407.

JFSK SN, Jh KTS, ARetal. K. IL-17 C/IL-17 Receptor E Signaling in CD4+T
Cells Promotes TH17 Cell-Driven Glomerular Inflammation. Journal of the
American Society of Nephrology : JASN [Internet]. 2018 [cited 2024 Jan
13];29. https://pubmed.ncbinlm.nih.gov/29483158/.

Mills KHG. IL-17 and IL-17-producing cells in protection versus pathology. Nat
Rev Immunol. 2023;23:38-54.


https://pubmed.ncbi.nlm.nih.gov/37716390/
https://pubmed.ncbi.nlm.nih.gov/28555673/
https://pubmed.ncbi.nlm.nih.gov/28555673/
https://pubmed.ncbi.nlm.nih.gov/35550651/
https://pubmed.ncbi.nlm.nih.gov/29483158/

Mu et al. Cell Communication and Signaling

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

(2024) 22:288

Ishigame H, Kakuta S, Nagai T, Kadoki M, Nambu A, Komiyama, et al. Differ-
ential roles of interleukin-17A and - 17F in host defense against mucoepithe-
lial bacterial infection and allergic responses. Immunity. 2009;30:108-19.

Pj D, JkK. Interleukin-17A and interleukin-17F: a tale of two cytokines. Immu-
nity [Internet]. 2009 [cited 2024 Jan 13];30. https://pubmed.ncbi.nim.nih.
gov/19144313/.

Dubin PJ, Kolls JK. Th17 cytokines and mucosal immunity. Immunol Rev.
2008;226:160-71.

Iwakura Y, Nakae S, Saijo S, Ishigame H. The roles of IL-17A in inflammatory
immune responses and host defense against pathogens. Immunol Rev.
2008;226:57-79.

Borowczyk J, Shutova M, Brembilla NC, Boehncke W-H. IL-25 (IL-17E) in
epithelial immunology and pathophysiology. J Allergy Clin Immunol.
2021;148:40-52.

E P-SJT, IL-17A. IL-17E and IL-17F as Potential Biomarkers for the Intensity of
Low-Grade Inflammation and the Risk of Cardiovascular Diseases in Obese
People. Nutrients [Internet]. 2022 [cited 2024 Jan 13];14. https://pubmed.
ncbi.nim.nih.gov/35277002/.

Beringer A, Noack M, Miossec P. IL-17 in chronic inflammation: from Discovery
to Targeting. Trends Mol Med. 2016;22:230-41.

Miossec P. Update on interleukin-17: a role in the pathogenesis of inflamma-
tory arthritis and implication for clinical practice. RMD Open. 2017;3:e000284.
Dd P, Dm L. F K, C A. Effect of IL-17A blockade with secukinumab in autoim-
mune diseases. Annals of the rheumatic diseases [Internet]. 2013 [cited 2024
Jan 131,72 Suppl 2. https://pubmed.ncbi.nlm.nih.gov/23253932/.

Rincén M, Davis RJ. Regulation of the immune response by stress-activated
protein kinases. Immunol Rev. 2009;228:212-24.

O'Shea JJ, Plenge R. JAK and STAT signaling molecules in immunoregulation
and immune-mediated disease. Immunity. 2012,36:542-50.

Lee S-Y, Lee AR, Choi JW, Lee CR, Cho K-H, Lee JH, et al. IL-17 induces
Autophagy Dysfunction to promote inflammatory cell death and fibrosis in
keloid fibroblasts via the STAT3 and HIF-1a Dependent Signaling pathways.
Front Immunol. 2022;13:888719.

Raychaudhuri SK, Abria C, Raychaudhuri SP. Regulatory role of the JAK STAT
kinase signalling system on the IL-23/IL-17 cytokine axis in psoriatic arthritis.
Ann Rheum Dis. 2017;76:36-36.

Langley RG, Elewski BE, Lebwohl M, Reich K, Griffiths CEM, Papp K, et al.
Secukinumab in plaque psoriasis—results of two phase 3 trials. N Engl J Med.
2014,371:326-38.

Baeten D, Sieper J, Braun J, Baraliakos X, Dougados M, Emery P, et al.
Secukinumab, an Interleukin-17A inhibitor, in Ankylosing Spondylitis. N Engl J
Med. 2015;373:2534-48.

Schwartz DM, Kanno Y, Villarino A, Ward M, Gadina M, O'Shea JJ. JAK inhibi-
tion as a therapeutic strategy for immune and inflammatory diseases. Nat
Rev Drug Discov. 2017;16:843-62.

Schinocca C, Rizzo C, Fasano S, Grasso G, La Barbera L, Ciccia F, et al. Role of
the IL-23/IL-17 pathway in Rheumatic diseases: an overview. Front Immunol.
2021;12:637829.

ShiP, Zhu S, LinY, LiuY, LiuY, Chen Z, et al. Persistent stimulation with
interleukin-17 desensitizes cells through SCFB-TrCP-mediated degradation of
Act1. Sci Signal. 2011;4:ra73.

Mj XLRBJZ, SI M. G. IL-17 receptor-based signaling and implications for
disease. Nature immunology [Internet]. 2019 [cited 2024 Jan 13];20. https://
pubmed.ncbi.nim.nih.gov/31745337/.

Luo Q, LiuY, ShiK, Shen X, Yang Y, Liang X, et al. An autonomous activation
of interleukin-17 receptor signaling sustains inflammation and promotes
disease progression. Immunity. 2023;56:2006-20.e6.

Wang F, LiY,Yang Z, Cao W, Liu Y, Zhao L, et al. Targeting IL-17A enhances
imatinib efficacy in Philadelphia chromosome-positive B-cell acute lympho-
blastic leukemia. Nat Commun. 2024;15:203.

Mr A, Mh AS, Mr BHGRK. A, Altered gene expression levels of IL-17/TRAF6/
MAPK/USP25 axis and pro-inflammatory cytokine levels in lung tissue of
obese ovalbumin-sensitized rats. Life sciences [Internet]. 2022 [cited 2024 Jan
13];296. https://pubmed.ncbinim.nih.gov/35202642/.

Dutta A, Hung C-Y, Chen T-C, Hsiao S-H, Chang C-S, Lin Y-C, et al. An IL-
17-EGFR-TRAF4 axis contributes to the alleviation of lung inflammation in
severe influenza. Commun Biol. 2023;6:600.

Tamargo IA et al. In Baek K, Xu C, Won Kang D, Kim Y, Andueza A,. HEG1
Protects Against Atherosclerosis by Regulating Stable Flow-Induced KLF2/4
Expression in Endothelial Cells. Circulation. 2023.

Majumder S, McGeachy MJ. IL-17 in the pathogenesis of Disease: good inten-
tions gone awry. Annu Rev Immunol. 2021;39:537-56.

64.

65.

66.

67.

68.

69.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Page 11 of 12

Li Z,Burns AR, Han L, Rumbaut RE, Smith CW. IL-17 and VEGF are necessary
for efficient corneal nerve regeneration. Am J Pathol. 2011;178:1106-16.
Tavakoli M, Mirhaj M, Varshosaz J, Al-Musawi MH, Aimajidi YQ, Danesh Pajooh
AM, et al. Keratin- and VEGF-Incorporated Honey-based sponge-nanofiber
dressing: an Ideal Construct for Wound Healing. ACS Appl Mater Interfaces.
2023;15:55276-86.

Nk R, Pb R, Bt SMPG, Neuroprotectin R. D1 reduces the severity of herpes
simplex virus-induced corneal immunopathology. Investigative ophthalmol-
ogy & visual science [Internet]. 2013 [cited 2024 Jan 13];54. https://pubmed.
ncbi.nlm.nih.gov/23942967/.

Joost S, Jacob T, Sun X, Annusver K, La Manno G, Sur |, et al. Single-cell
transcriptomics of Traced epidermal and hair follicle stem cells reveals Rapid
adaptations during Wound Healing. Cell Rep. 2018,25:585-e5977.

FsrP FVLABetal.N, TR, AH, IL-17A-producing CD8+T cells promote PDAC
via induction of inflammatory cancer-associated fibroblasts. Gut [Internet].
2023 [cited 2024 Jan 13];72. https://pubmed.ncbi.nlm.nih.gov/36759154/.
Ahmed M, Huh JR. Cutting edge: interleukin-17a prompts HIF 1a for wound
healing. Trends Immunol. 2022;43:861-3.

Konieczny P, Xing Y, Sidhu |, Subudhi |, Mansfield KP, Hsieh B, et al. Inter-
leukin-17 governs hypoxic adaptation of injured epithelium. Science.
2022;377:eabg9302.

Wang J, Ding X. IL-17 signaling in skin repair: safeguarding metabolic adapta-
tion of wound epithelial cells. Signal Transduct Target Ther. 2022;7:359.

Hot A, Zrioual S, Lenief V, Miossec P. IL-17 and tumour necrosis factor a com-
bination induces a HIF-1a-dependent invasive phenotype in synoviocytes.
Ann Rheum Dis. 2012:71:1393-401.

Shan K, Pang R, Zhao C, Liu X, Gao W, Zhang J, et al. IL-17-triggered down-
regulation of miR-497 results in high HIF-1a expression and consequent
IL-18 and IL-6 production by astrocytes in EAE mice. Cell Mol Immunol.
2017;14:909-23.

Jc L, JFSC IP-PINS.EG, IL-17 and IL-22 are pivotal cytokines to delay wound
healing of S. aureus and P. aeruginosa infected skin. Frontiers in immunol-
ogy [Internet]. 2022 [cited 2023 Mar 18];13. https://pubmed.ncbi.nim.nih.
gov/36275755/.

Kim SH, Oh J, Roh WS, Park J, Chung KB, Lee GH, et al. Pellino-1 promotes
intrinsic activation of skin-resident IL-17A-producing T cells in psoriasis. J
Allergy Clin Immunol. 2023;151:1317-28.

LiY, Zhang J, ShiJ, Liu K, Wang X, Jia Y, et al. Exosomes derived from human
adipose mesenchymal stem cells attenuate hypertrophic scar fibrosis by miR-
192-5p/IL-17RA/Smad axis. Stem Cell Res Ther. 2021;12:221.

Constantinides MG, Link VM, Tamoutounour S, Wong AC, Perez-Chaparro

PJ, Han S-J, et al. MAIT cells are imprinted by the microbiota in early life and
promote tissue repair. Science. 2019;366:eaax6624.

Gabbai-Armelin PR, Sales LS, Ferrisse TM, De Oliveira AB, De Oliveira JR, Giro
EMA, et al. A systematic review and meta-analysis of the effect of thymol as
an anti-inflammatory and wound healing agent: a review of thymol effect on
inflammation and wound healing: a review of thymol effect on inflammation
and wound healing. Phytother Res. 2022,36:3415-43.

HjZ YsL, Yo W, Xh H, XrZetal. L Q. [Effects of skin y§ T lymphocytes on
wound healing of mice through regulating proliferation and differentia-
tion of mice epidermal cells]. Zhonghua shao shang za zhi=Zhonghua
shaoshang zazhi=Chinese journal of burns [Internet]. 2019 [cited 2024 Jan
13];35. https://pubmed.ncbi.nim.nih.gov/31060178/.

Khaire K, Verma U, Buch P, Patel S, Ranadive |, Balakrishnan S. Site-specific
variation in the activity of COX-2 alters the pattern of wound healing in the
tail and limb of northern house gecko by differentially regulating the expres-
sion of local inflammatory mediators. Zool (Jena). 2021;148:125947.

Ferro TAF, Souza EB, Suarez MAM, Rodrigues JFS, Pereira DMS, Mendes SJF,

et al. Topical application of Cinnamaldehyde promotes faster Healing of skin
wounds infected with Pseudomonas aeruginosa. Molecules. 2019;24:1627.
Diller RB, Tabor AJ. The role of the Extracellular Matrix (ECM) in Wound Heal-
ing: a review. Biomimetics (Basel). 2022;7:87.

Numasaki M, Fukushi J, Ono M, Narula SK, Zavodny PJ, Kudo T, et al. Interleu-
kin-17 promotes angiogenesis and tumor growth. Blood. 2003;101:2620-7.
Taylor BE, Lee CA, Zapadka TE, Zhou AY, Barber KG, Taylor ZRR, et al. IL-17A
enhances retinal neovascularization. Int J Mol Sci. 2023;24:1747.

Goren |, Mller E, Schiefelbein D, Christen U, Pfeilschifter J, MUhl H, et

al. Systemic anti-TNFalpha treatment restores diabetes-impaired skin

repair in ob/ob mice by inactivation of macrophages. J Invest Dermatol.
2007;127:2259-67.

Lobmann R, Schultz G, Lehnert H. Proteases and the diabetic foot syndrome:
mechanisms and therapeutic implications. Diabetes Care. 2005;28:461-71.


https://pubmed.ncbi.nlm.nih.gov/19144313/
https://pubmed.ncbi.nlm.nih.gov/19144313/
https://pubmed.ncbi.nlm.nih.gov/35277002/
https://pubmed.ncbi.nlm.nih.gov/35277002/
https://pubmed.ncbi.nlm.nih.gov/23253932/
https://pubmed.ncbi.nlm.nih.gov/31745337/
https://pubmed.ncbi.nlm.nih.gov/31745337/
https://pubmed.ncbi.nlm.nih.gov/35202642/
https://pubmed.ncbi.nlm.nih.gov/23942967/
https://pubmed.ncbi.nlm.nih.gov/23942967/
https://pubmed.ncbi.nlm.nih.gov/36759154/
https://pubmed.ncbi.nlm.nih.gov/36275755/
https://pubmed.ncbi.nlm.nih.gov/36275755/
https://pubmed.ncbi.nlm.nih.gov/31060178/

Mu et al. Cell Communication and Signaling

87.

88.

89.
90.

91.

92.

93.

94.

95.

(2024) 22:288

Kiritsi D, Nystréom A.The role of TGF@3 in wound healing pathologies. Mech
Ageing Dev. 2018;172:51-8.

Williams SC, Garcet S, Hur H, Miura S, Gonzalez J, Navrazhina K, et al. Gram-
negative anaerobes elicit a robust keratinocytes immune response with
potential insights into HS pathogenesis. Exp Dermatol. 2024;33:e15087.
Eyerich K, DimartinoV, Cavani A. IL-17 and IL-22 in immunity: driving protec-
tion and pathology. Eur J Immunol. 2017,47:607-14.

Kolls JK, Lindén A. Interleukin-17 family members and inflammation. Immu-
nity. 2004;21:467-76.

Zhang J, Zhou R, Deng L, Cao G, Zhang Y, Xu H, et al. Huangbai liniment and
berberine promoted wound healing in high-fat diet/Streptozotocin-induced
diabetic rats. Biomed Pharmacother. 2022;150:112948.

Chen X, Peng Y, Xue H, Liu G, Wang N, Shao Z. MiR-21 regulating PVT1/
PTEN/IL-17 axis towards the treatment of infectious diabetic wound healing
by modified GO-derived biomaterial in mouse models. J Nanobiotechnol.
2022;20:309.

MIT,YgT,Yc L, YIH, Yt C, Mk T et al. IL-25 Induced ROS-Mediated M2 Macro-
phage Polarization via AMPK-Associated Mitophagy. International journal of
molecular sciences [Internet]. 2021 [cited 2024 Jan 13];23. https://pubmed.
ncbi.nim.nih.gov/35008429/.

FZYLetal. SW, XY, YL, D C. Interleukin-25-Mediated-IL-17RB Upregulation
Promotes Cutaneous Wound Healing in Diabetic Mice by Improving Endo-
thelial Cell Functions. Frontiers in immunology [Internet]. 2022 [cited 2024
Jan 13];13. https://pubmed.ncbi.nlm.nih.gov/35126394/.

Finley PJ, DeClue CE, Sell SA, DeBartolo JM, Shornick LP. Diabetic wounds
exhibit decreased Ym1 and arginase expression with increased expression of
IL-17 and IL-20. Adv Wound Care (New Rochelle). 2016;5:486-94.

96.

97.

98.

Page 12 of 12

Zhang J, Cao G, Tian L, Hou J, Zhang Y, Xu H, et al. Intragastric administration
of Pien Tze Huang enhanced wound healing in diabetes by inhibiting inflam-
mation and improving energy generation. Phytomedicine. 2023;109:154578.
Yang X, Mathis BJ, Huang Y, Li W, Shi Y. KLF4 promotes Diabetic Chronic
Wound Healing by suppressing Th17 cell differentiation in an MDSC-Depen-
dent manner. J Diabetes Res. 2021;2021:7945117.

Mp R, Ss H. B H, CC, KK. Reduced I117a expression distinguishes a Ly6c(lo)
MHCII(hi) macrophage population promoting wound healing. The Journal
of investigative dermatology [Internet]. 2013 [cited 2024 Jan 13];133. https.//
pubmed.ncbi.nlm.nih.gov/23235530/.

Smith JR. Dynamics of Cytokine Production in Healing and Non-healing
Diabetic Foot Ulcers. J Clin Immunol. 2021;41:1139-50.

. Jones LK, Thompson CD. Immunomodulatory strategies in Chronic Wound

Healing. Annals Dermatology Wound Care. 2022,36:158-67.

. Dumont CM, Park J, Shea LD. Controlled release strategies for modulat-

ing immune responses to promote tissue regeneration. J Control Release.
2015;219:155-66.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://pubmed.ncbi.nlm.nih.gov/35008429/
https://pubmed.ncbi.nlm.nih.gov/35008429/
https://pubmed.ncbi.nlm.nih.gov/35126394/
https://pubmed.ncbi.nlm.nih.gov/23235530/
https://pubmed.ncbi.nlm.nih.gov/23235530/

	﻿IL-17 in wound repair: bridging acute and chronic responses
	﻿Abstract
	﻿Introduction
	﻿IL-17 family
	﻿IL-17 pathway
	﻿The IL-17 pathway regulates skin tissue repair and promotes acute wound healing

	﻿Targeting IL-17 pathways for enhanced healing in chronic wounds and DUFs
	﻿ECM formation and remodeling
	﻿Angiogenesis
	﻿Collagen formation
	﻿Infection
	﻿Inflammation

	﻿Conclusion
	﻿References


