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Abstract
Pan-vascular diseases comprise a spectrum of atherosclerosis-driven vascular disorders
that  involve  multiple  vital  organs,  including  the  heart,  brain,  kidneys,  and  peripheral
circulation. Despite being distributed across different clinical specialties due to increasing
medical subspecialization, conditions such as coronary artery disease, ischemic stroke, and
peripheral artery disease are interconnected manifestations of a unified, systemic vascular
pathology. This conceptual shift highlights the need to consider these disorders within an
integrated pan-vascular framework rather than as isolated clinical entities. Inflammation is
a central driver in pan-vascular pathogenesis, accelerating atherosclerosis and increasing
cardiovascular  event  risk.  In  the  inflammatory  cascade  of  pan-vascular  diseases,
chemokines play a pivotal role as regulators, facilitating the recruitment and activation of
immune cells. C-C motif chemokine ligand 17 (CCL17) is essential for T cell development in
the thymus. It binds to the C-C chemokine receptor 4 (CCR4) and exhibits chemotactic
activity towards T lymphocytes, mainly T helper 2 (Th2) cells and regulatory T cells. This
review summarizes the biological properties of CCL17, its mechanistic roles in pan-vascular
pathologies, and its clinical translational potential as a biomarker and therapeutic target.
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INTRODUCTION
Pan-vascular diseases share a common pathophysiological basis, encompassing endothelial dysfunction,

chronic low-grade inflammation, immune cell activation and infiltration, and atherosclerosis with its

complications (such as thrombosis and aneurysms), which collectively impose a substantial health burden
[1]

.

Inflammation constitutes the core pathological mechanism across pan-vascular diseases, including

atherosclerosis, abdominal aortic aneurysm (AAA), and peripheral artery disease (PAD)
[2]

. The innate

immune system serves as the initial defense against vascular injury. An inflammatory cascade is triggered

when pattern-recognition receptors (PRRs) recognize pathogen-associated molecular patterns (PAMPs),

thereby initiating adaptive immune responses. Furthermore, an imbalance among T-cell subpopulations is a

central driver of chronic inflammation in pan-vascular diseases, with distinct T-cell subsets critically shaping

disease phenotypes through their intricate cytokine networks
[3]

.

Early research established a critical role for C-C motif chemokine ligand 17 (CCL17) in thymic T cell

development. Imai et al. first identified it as a protein consistently expressed in the thymus in 1996
[4]

. The

name was initially given due to its chemotactic effect on cells with C-C chemokine receptor type 4, mainly T

cells
[5]

. Secreted by a wide array of cell types, CCL17 contributes to the pathogenesis of various diseases. This

review aims to summarize the diverse biological activities of CCL17, highlight its role in vascular diseases,

and consider its potential as a diagnostic and therapeutic option.

CCL17 BIOLOGY
The human CCL17 gene is located on chromosome 16q13 and comprises 2,176 base pairs, spanning four

exons. The human CCL17 monomer is an 8.1-kDa protein consisting of 71 amino acids and a 23-amino acid

signal peptide
[ 4 ]

. The CCL17 dimer has a unique asymmetric structure not found in other C-C

chemokines
[4,5]

.

CCL17 expression extends beyond the thymus and is produced by diverse cell types across multiple tissues

[Figure 1]. This group comprises monocytes, macrophages, dendritic cells (DCs), eosinophils, epithelial cells

such as keratinocytes, Langerhans cells, fibroblasts, platelets, and various T-cell subsets
[6,7]

. The biological role

of CCL17 is strongly associated with T cells, mainly because its receptor, C-C chemokine receptor (CCR)4, is

found predominantly on Th2 cells
[3]

. Therefore, CCL17 selectively attracts Th2 cells, affecting Th2-type

immune responses and playing a role in immune tolerance. CCR4 is also found on various cell types, such as

T helper 17 (Th17) cells, T helper 22 (Th22) cells, regulatory T (Treg) cells, natural killer (NK) cells, Tc2 cells

(type 2 CD8+ T cells), and skin-homing T cells that express cutaneous lymphocyte antigen (CLA)
[5]

. CCR4 is

a G protein-coupled receptor (GPCR) that primarily interacts with its endogenous ligands CCL17 and

CCL22. Of particular significance, CCL22 is a chemokine that exhibits particularly high expression levels in

the thymus
[4]

.

Furthermore, CCR4 expression has been observed in additional cell populations, including airway

eosinophils, megakaryocytes, and platelets
[3]

, suggesting a potential role for CCL17 in modulating the

trafficking of these cells under specific conditions. Moreover, CCL17 has been demonstrated to enhance the

migratory responses induced by other chemokines
[4]

. Research in a murine model of skin inflammation

revealed an indirect necessity for CCL17 in the CCR7- and CXCR4-driven migration of DCs residing in the

skin
[8]

. Similarly, work in a vaccination model showed that CCL17 is essential for the movement of mature

CCR7-positive DCs in response to CCL19
[9]

. Despite its inability to bind CCR7 directly, these observations

imply that CCL17 exerts an indirect influence on CCR7-mediated migratory processes. The interaction

between CCL17 and CCR4 triggers downstream signaling events upon engagement of both receptor binding

sites
[5,6]

. Given that CCL17 and CCL22 can exhibit distinct, and sometimes antagonistic, functions through
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Figure 1. Cell sources of C-C motif chemokine ligand 17. Cell types: Morphologically and color-distinguished cells (monocytes cell,
endothelial cells, macrophages cell, dendritic cells, smooth muscle cells, eosinophils cells, T cells, platelets, Langerhans cells, fibroblasts
cell) are the secretory sources of CCL17; Arrows: Black arrows indicate that all listed cell types can secrete CCL17; CCL17 representation:
T h e c e n t r a l c o l o r e d s p h e r i c a l s t r u c t u r e s c o r r e s p o n d t o C C L 1 7 m o l e c u l e s . C r e a t e d i n B i o R e n d e r . Y A N , W . ( 2 0 2 5 )
https://BioRender.com/nz9htta.

CCR4, this concise review will focus specifically on the biology of CCL17, rather than a broader discussion of

CCR4 or CCL22.

CCL17 IN PAN-VASCULAR DISEASES
Pan-vascular medicine investigates not only the microscopic mechanisms of atherosclerosis but also its

development within the systemic context. It further compares the commonalities and specificities of target

organ damage and repair processes, aiming to establish a conceptual framework for the management and

prevention of pan-vascular disorders. Table 1 summarizes the role of CCL17 in various pan-vascular

diseases, including the involved cell types, directions of action, and experimental models.

Atherosclerosis, a prevalent pathological condition impacting the coronary, cerebral, and peripheral arterial

systems alongside the aorta, stands as a leading contributor to worldwide deaths. The process involves more

than simple cholesterol accumulation; it comprises a range of physiological abnormalities such as impaired

endothelial function and a complex bidirectional interaction of inflammatory and immunomodulatory

pathways
[10]

.

The understanding of atherosclerosis as a condition driven by inflammation, first suggested by Rudolph

Virchow in 1856, became widely established following the publication of Russell Ross’s 1999 paper

“Atherosclerosis - an Inflammatory Disease” in the New England Journal of Medicine
[2,11]

. This seminal work

prompted a fundamental shift in perspective, leading the research community to acknowledge the

multifaceted nature of the disease, which involves not only lipid deposition but also active inflammatory and
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Table 1. The role of CCL17 in different pan-vascular diseases

Disease Cell type Direction of action Model
Key signaling
pathway/mechanism

References

Atherosclerosis
Dendritic cells and
Treg cell

Recruit Treg cells and
promote foam cell
formation

Apo E-/- mouse
atherosclerosis model

CCL17-CCR4 → Release of
inflammatory cytokines

[15,17]

Myocardial
Infarction

Treg cells
Recruit Treg cells to
the injured heart

Mouse myocardial
infarction model (LAD
ligation)

GM-CSF → STAT5/NF-κB →
CCL17-CCR4

[24]

Cardiac
Hypertrophy

Macrophages and
Treg cell

Decrease
inflammatory
macrophages and
recruit Treg cells

Mouse transverse aortic
constriction

NF-κB (p50/p65)-CCL17
signaling pathway

[29]

Cardiac
Hypertrophy

Th1 cell, Th2 cell,
Th17 cell and Treg
cell

Decrease Th2 cell and
Th17 cell; Increase Th1
cell and Treg cell

Ang-II-induced cardiac
hypertrophy model in
mice

CCL17-CCR4-Th2 cell/Treg cell [27]

Kidney Disease
Th2 cell, Treg cell,
and dendritic cells

Recruit Th2 cells, Treg
cells, and dendritic
cells

Transient middle
cerebral artery occlusion
model

CCL17-CCR4-Th2 cell/Treg cell [39]

Peripheral Arterial
Disease

Th1 cell, Th2 cell ,
Th17 cell and Treg
cell

Vascular remodeling
Ang-II-induced cardiac
hypertrophy model in
mice and aged mice

CCL17-CCR4-Th2 cell/Treg cell [18]

immunological mechanisms. While traditional risk factors - including elevated low-density lipoprotein

cholesterol (LDL-C), hypertension, tobacco use, and diabetes - remain major contributors, growing evidence

highlights the significant involvement of immune processes. Ongoing investigation into cellular and

molecular interactions continues to clarify how these elements collectively drive disease development
[4,12]

.

It has been shown that in addition to monocytes/macrophages, other mononuclear cells, namely T cells and

DCs, can be detected within atherosclerotic lesions
[13]

. As professional antigen-presenting cells (APCs), DCs

comprise several subtypes and are essential for initiating immune responses
[14]

. The chemokine CCL17,

secreted by DCs, is detectable in advanced atherosclerotic lesions in both humans and mice, and DCs

expressing CCL17 are found to accumulate within these plaques. Studies using mouse models susceptible to

atherosclerosis show that knocking out the Ccl17 gene reduces plaque formation, a process that depends on

Treg cells. Furthermore, CCL17 production by DCs was shown to suppress the expansion of Tregs by

interfering with their survival and stability, thereby exacerbating atherosclerosis through a T-cell-mediated

mechanism
[15]

 [Figure 2].

However, the exact molecular mechanisms by which DC-derived CCL17 regulates Treg cell homeostasis

remain poorly understood, particularly the key soluble factors or receptor interactions that may be involved.

Although CCR4 is widely recognized as the primary signaling receptor for CCL17 and has been shown to

facilitate Treg recruitment and function in vivo
[16]

, genetic ablation of CCR4 failed to reproduce the enhanced

Treg activity and attenuated atherosclerosis seen in Ccl17-deficient mice
[15]

.

Emerging evidence indicates that Ccl17-knockout mice exhibit a pronounced tolerogenic phenotype and

transcriptional profile, which is not observed in animals lacking the canonical receptor CCR4. Plasma

analysis of Ccl17-knockout mice showed a selective reduction in CCL3, with no other cytokines or

chemokines significantly altered. Mechanistically, CCL17 was found to signal through CCR8 as an alternative

high-affinity receptor. Signaling through CCR8 was shown to drive CCL3 expression and impair Treg cell

functionality via a CCR4-independent pathway. Furthermore, genetic deletion of either Ccl3 or Ccr8 in CD4
+

T cells led to diminished CCL3 production, expansion of FoxP3
+
 Treg populations, and amelioration of

atherosclerotic lesion development
[17]

 [Figure 2]. However, translation of these effects to humans requires

                                                                                             caution, as the low expression of CCR8 in human Tregs may limit the efficacy of CCL17 blockade.
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Figure 2. The putative cell-specific effects and signaling pathways of CCL17 in atherosclerosis, peripheral artery disease, cardiovascular
disease, ischemic stroke, and kidney disease. Key participants include CCL17-producing/target cells (dendritic cells, Treg, CD4+T,
macrophages, Th1/Th2/Th17 cells) and chemokine-receptor pairs (CCL17/CCL3; CCR4/CCR1/CCR8) mediating intercellular crosstalk.
Created in BioRender. YAN, W. (2025) https://BioRender.com/1opgqm0.

Peripheral artery disease

PAD represents a critical manifestation within the pan-vascular disease spectrum, driven centrally by

chemokine-directed immune cell recruitment. A recent community-based cohort study reported higher

circulating concentrations of CCL17 and greater brachial-ankle pulse wave velocity (baPWV) - an

established indicator of arterial stiffness - among elderly participants relative to younger adults. Notably,

serum CCL17 levels showed a significant positive correlation with baPWV
[18]

. Consistent with these clinical

findings, elevated levels of CCL17 protein were also observed in the aortic tissue of aging mice and in those

subjected to angiotensin II (Ang II) infusion. Notably, although aging wild-type animals developed

heightened vascular stiffness, this effect was significantly reduced in aged mice lacking Ccl17. These results

offer initial experimental evidence positioning the chemokine CCL17 as a novel and precise therapeutic

target for mitigating vascular dysfunction associated with aging or provoked by risk factors including Ang II

and hypertension
[18]

 [Figure 2].

AAA represents a serious cardiovascular condition characterized by chronic inflammation. In the early phase

of AAA development, monocytes from the circulation are recruited to the aortic wall and subsequently

differentiate into macrophages, which then undergo activation. This inflammatory cascade drives destruction

of the arterial wall, leading to progressive aortic dilation and the potential for life-threatening rupture
[19]

.

Given its established role in immune cell recruitment across vascular pathologies, CCL17 is hypothesized to

contribute to immune cell infiltration and disruption of vascular homeostasis in AAA, positioning it as a

potential key factor in the disease process.

https://BioRender.com
https://BioRender.com/1opgqm0
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Cardiovascular disease

A preliminary clinical investigation revealed that serum CCL17 concentrations are independently correlated

with the presence of coronary artery disease (CAD) and the extent of atherosclerotic burden, even after

controlling for conventional cardiovascular risk factors. The study enrolled 971 consecutive patients,

comprising 158 non-CAD controls and 813 CAD patients. Serum CCL17 levels were quantified using

enzyme-linked immunosorbent assay (ELISA). Atherosclerosis severity was evaluated in all participants

using the Gensini score (GSS). Importantly, a significant positive linear trend was observed between

increasing quartiles of serum CCL17 levels and the GSS
[20]

.

In patients diagnosed with pan-vascular disease, the annual occurrence rate of major adverse cardiovascular

events (MACEs) - comprising cardiovascular mortality, nonfatal myocardial infarction (MI), or stroke - rose

in correlation with the number of affected vascular beds, escalating from 2.2%-9.2%
[21]

.

Elevated levels of circulating monocytes and heightened expression of pro-inflammatory cytokines and

chemokines are linked to maladaptive left ventricular (LV) remodeling and increased cardiovascular

mortality after MI
[22]

. Mechanistically, a recent study demonstrated that CCL17 inhibits Treg recruitment via

biased activation of CCR4 towards Gq signaling. Furthermore, granulocyte-macrophage colony-stimulating

factor (GM-CSF) signaling serves as a critical regulatory mediator for CCL17 expression, and this regulatory

effect is achieved by means of synergistic activation of signal transducer and activator of transcription 5

(STAT5) as well as canonical nuclear factor κ-light-chain enhancer of activated B cells (NF-κB) signaling

pathways [Figure 2]. These findings demonstrate that Tregs play a key role in mediating the cardioprotective

benefits observed following Ccl17 deletion, attenuating inflammatory responses in the myocardium and

limiting maladaptive LV remodeling after MI
[23]

. Furthermore, sodium-glucose cotransporter 2 (SGLT2)

inhibitors represent a novel therapeutic avenue for MI. Supporting this, another study utilizing

proteome-wide Mendelian randomization identified apolipoprotein B (APOB) and CCL17 as causal

mediators of the protective effects of SGLT2 inhibition against MI
[24]

.

Recent clinical research has utilized CCL17 as an inflammatory biomarker to identify plasma proteins with

pathophysiological relevance in heart failure (HF) with preserved ejection fraction (HFpEF). This study

further correlated CCL17 levels with treatment responses to spironolactone, revealing a significant

differential effect of CCL17 on the instantaneous risk of hospitalization between the verum (spironolactone)

and placebo groups
[25]

. Supporting these findings, a population-based cohort study revealed that serum

concentrations of CCL17 rise with advancing age and correlate with impaired cardiac function in HF

patients
[26]

. In parallel, studies in animal models indicated that genetic ablation of Ccl17 (Ccl17
-/-

) markedly

reduced both aging-related and Ang II-triggered cardiac hypertrophy and fibrosis. This was accompanied by

decreased production of the Th2-associated cytokine interleukin (IL)-4 and the Th17-related cytokine IL-17

in Ccl17-deficient mice. Notably, interventional use of a neutralizing antibody targeting CCL17 was found to

potently suppress Ang II-induced maladaptive cardiac remodeling
[26]

 [Figure 2].

The traditional Chinese medicine formulation LuQi (LQF) has been shown to be both safe and efficacious in

the management of HF
[27]

. In vivo studies utilizing a mouse model of HF induced by transverse aortic

constriction (TAC) revealed upregulated CCL17 expression within cardiac tissue. Treatment with LQF was

found to suppress the infiltration of inflammatory macrophages through downregulation of the NF-κB

(p50/p65)-CCL17 signaling pathway, while simultaneously promoting the recruitment of cardiac Treg cells,

thereby conferring protection against HF progression
[28]

 [Figure 2].
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Ischemic stroke

As the atherosclerotic plaque progresses, it can be followed by pathological processes such as plaque

erosion/rupture and thrombosis, which are considered to be the main pathological basis of most acute

ischemic events such as acute MI, ischemic stroke or severe limb ischemia
[29]

. Inflammation constitutes a

pivotal pathological mechanism in stroke pathogenesis. During the acute phase, the inflammatory cascade

may be initiated through two primary pathways: (i) within the systemic circulation, characterized by

leukocyte activation and cytokine release secondary to regional cerebral blood flow cessation
[30]

 or (ii) within

the brain parenchyma, driven by tissue hypoxia that induces reactive astrogliosis, microglial activation, and

subsequent neuronal demise
[31,32]

.

A research team prospectively collected blood samples from 75 consecutive patients diagnosed with acute

anterior circulation large vessel occlusion (LVO)-related ischemic stroke who subsequently underwent

endovascular thrombectomy (EVT). Multivariate analysis, with adjustments for age, intravenous

thrombolysis use, pre-treatment National Institutes of Health Stroke Scale (NIHSS) score, and Alberta Stroke

Programme Early CT Score (ASPECTS), was employed to ascertain the relationship between post-procedural

blood levels of CCL17, measured at the occlusion site, and 90-day disability, as assessed by the modified

Rankin Scale (mRS). CCL17/TARC levels demonstrated an inverse correlation with mRS scores
[33]

. These

findings reveal a distinct profile of inflammatory factors in the blood obtained directly from the site of

cerebrovascular occlusion. The significant correlations between these acute-phase biomarkers and functional

outcome provide a rationale for exploring adjunctive immunomodulatory strategies in the management of

acute ischemic stroke.

Previous investigations utilizing a transient middle cerebral artery occlusion (tMCAO) model demonstrated

that ischemic stroke significantly alters pulmonary immune cell composition. These alterations include

elevated proportions of alveolar macrophages, neutrophils, and CD11b
+
 DCs, alongside decreased

frequencies of CD4
+
 T cells, CD8

+
 T cells, B cells, NK cells, and eosinophils. This remodeling of the

pulmonary immune microenvironment occurs simultaneously with a pronounced decline in the expression

of numerous chemokines, such as CCL3, CCL4, CCL5, CCL17, CCL20, CCL22, C-X-C motif chemokine

ligand (CXCL)5, CXCL9, and CXCL10
[34]

. To our knowledge, this work provides the first evidence of a

coordinated reduction in pulmonary lymphocyte populations and a wide array of inflammatory chemokines

following ischemic stroke in a murine model.

Studies on ischemic stroke-related disease models discussed above have been conducted in both human

cohorts and murine animal models. CCL17 exhibits heterogeneous functional profiles across distinct species

and disease subtypes, which may be ascribed to interspecies functional disparity, disease subtype-specific

functional differentiation, and the insufficient elucidation of spatiotemporal dynamic regulatory networks.

The mechanism of the pathological role of CCL17 in cerebrovascular diseases, especially ischemic stroke, is

somewhat controversial. We believe that CCL17 may contribute to disease progression by recruiting Th2

cells that participate in acute neuroinflammatory amplification, while paradoxically facilitating

chronic-phase reparative processes (e.g., angiogenesis, glial scar formation). Concurrently, CCL17-mediated

recruitment of Treg cells may fulfill neuroprotective, anti-inflammatory, and pro-reparative functions. While

the precise pathogenic mechanisms underlying this functional heterogeneity remain incompletely

understood, this phenomenon is highly intriguing and merits in-depth exploration in subsequent

investigations.
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Kidney disease

Individuals diagnosed with chronic kidney disease (CKD) face a substantially increased risk of developing

cardiovascular complications. CKD patients have a higher incidence and prevalence of mediated cardiac

disorders and MACEs such as HF, arrhythmias, acute coronary syndrome (ACS) based on CAD, stroke,

venous thromboembolism, and PAD than the general population
[35]

. A considerable number of renal diseases

are associated with inflammation, which results in a continuous decline of renal function. As the disease

progresses, leukocytes migrate into the renal mesangium or the interstitial space. Chemokines, which are

generated by intrinsic renal cells in response to immunological, toxic, ischemic, or mechanical insults during

the initial and amplifying phases of renal inflammation, function as attractants for these leukocytes
[36]

.

Acute kidney injury is predominantly caused by the increase of neutrophils and monocytes
[37]

, whereas T

cells, macrophages, and DCs play a role in the progression of renal failure to CKD
[38]

. CCL22 and CCL17,

among others, recruit Th2 cells, Treg cells, and DCs by their attachment to the CCR4 receptor
[39]

.

Consequently, the researchers sought to assess the potential of blood and urine chemokine levels as

biomarkers for disease progression and risk assessment in a cohort of 114 CKD patients and 21 healthy

volunteers. The chemokines that were the focus of this study were CCL17, CCL20, CCL22, and CXCR4. It

has been established that these chemokines play a role in the development of chronic renal failure
[40]

.

Numerous CKD patients suffer from moderate-to-severe itching. CKD-associated pruritus (CKD-aP) is a

chronic and distressing illness that can have a negative impact on quality of life
[41]

. This retrospective analysis

utilized data from 851 participants across two randomized phase 3 trials of difelikefalin. Biomarker samples

were obtained at baseline (prior to treatment initiation) and again at week 12. According to multiple

regression analysis, baseline itch severity was associated with levels of various chemokines and inflammatory

markers, including CCL2, CCL17, CCL22, CCL27, CXCL10, CXCL11, interferon-gamma (IFN-γ), IL-2,

IL-31, and nerve growth factor (NGF)
[42]

. The role of immune and pruritic mediators in the pathogenesis of

CKD-aP remains to be fully elucidated, with only a limited number of mediators having been the subject of

investigation thus far. Determining which specific mediators are associated with CKD-aP pathophysiology is

challenging because many patients with advanced CKD have comorbidities, such as cardiovascular disease,

diabetes, chronic liver disease, or hematological diseases. Each of these comorbidities is associated with

elevated inflammatory activity.

In summary, chemokine expression patterns dynamically evolve throughout the progression from early to

end-stage CKD, exhibiting significant variations depending on the underlying etiology of renal failure.

Nevertheless, these findings necessitate larger, well-designed clinical studies incorporating increased patient

cohorts and matched controls to definitively establish the roles of specific chemokines in CKD pathogenesis

and progression.

CLINICAL TRANSLATION PROSPECTS AND CHALLENGES
CCL17 holds significant promise as a biomarker for pan-vascular diseases. Its potential applications include:

(i) serving as a predictor for the risk of acute vascular events by reflecting disease activity through

monitoring CCL17 levels in biological samples across various disease stages; and (ii) acting as a prognostic

marker to monitor treatment outcomes. Furthermore, the "pan-vascular" nature of CCL17 suggests its utility

as a marker for assessing systemic vascular disease burden.

However, the specificity of CCL17 as a pan-vascular disease biomarker is compromised by its established

roles in other pathologies. CCL17 is recognized as the most reliable Alzheimer’s disease biomarker
[7]

, with

levels strongly correlating with disease severity and serving to assess therapeutic efficacy
[43]

. Furthermore,

CCL17 elevation in asthmatic bronchoalveolar lavage fluid has been proposed to drive CCR4
+
 Th2 cells
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migration into the lungs
[44]

. In chronic obstructive pulmonary disease (COPD), elevated CCL17 in airway

epithelia and lavage fluid predicts rapid lung function decline (forced expiratory volume in 1s), a pattern also

observed in serum from individuals exposed to high air pollution
[45]

. Similarly, increased serum CCL17 (with

reduced CXCL9) forecasts a decline in lung function in cases of chronic bird-related hypersensitivity

pneumonitis
[46]

. At the same time, elevated levels are related to severe interstitial lung disease in both children

and adults
[47]

. There is growing evidence that CCL17 plays a role in other autoimmune and inflammatory

conditions, indicating a need for further study in preclinical settings.

In addition, off-target toxicities must be carefully evaluated when developing therapeutic strategies targeting

the CCL17/CCR4 axis, as these unintended effects can directly undermine treatment safety and amplify the

risk of systemic immunosuppression - critical concerns that demand rigorous preclinical validation prior to

clinical translation. Beyond its pro-inflammatory role in pan-vascular pathogenesis, CCL17 exerts pleiotropic

physiological functions, particularly in sustaining immune homeostasis through orchestrating the

recruitment and functional equilibrium of Treg cells, Th2 cells, and DCs
[15,24]

.These cell populations are

indispensable for suppressing aberrant inflammatory cascades and mediating tissue repair responses,

underscoring the delicacy of the immune network modulated by CCL17. Non-selective blockade of CCL17

may disrupt this finely tuned immune balance, culminating in unintended immunosuppression

characterized by impaired pathogen clearance (e.g., viruses, bacteria) and heightened vulnerability to

opportunistic infections. Notably, in a murine model of viral myocarditis, genetic ablation of Ccl17

aggravated myocardial fibrosis and cardiomyocyte apoptosis by augmenting Treg cell infiltration into the

injured myocardium
[48]

. This finding highlights that CCL17-mediated immunomodulation can exert

protective effects in specific disease contexts, suggesting that systemic CCL17 inhibition in pan-vascular

disease patients - many of whom present with comorbidities such as diabetes, CKD or age-related immune

senescence may further compromise host defense mechanisms and increase infection-associated morbidity.

Another critical safety consideration arises from the overlapping receptor usage of CCL17. As CCL17 and

CCL22 both bind to CCR4 with high affinity, targeted interventions against CCL17 may inadvertently

perturb CCL22-CCR4 signaling cascades
[4,16]

. CCL22 plays a pivotal role in maintaining tissue-specific

immune tolerance, especially in constraining excessive pro-inflammatory responses in organs including the

skin, lungs, and kidneys
[39,46]

. Consequently, such cross-interference could disrupt tissue-specific immune

regulation, potentially precipitating autoimmune reactions or exacerbating pre-existing inflammatory

disorders (e.g., atopic dermatitis, interstitial lung disease) in susceptible individuals
[44,46]

. Furthermore, the

involvement of CCL17 in multiple non-vascular pathological processes - including Alzheimer’s disease,

asthma, and CKD-associated pruritus
[7,39,44]

 implies that systemic CCL17 inhibition may elicit off-target

effects in these organs, thereby complicating the risk-benefit assessment for pan-vascular disease patients

with comorbid conditions.

Beyond immunosuppression and off-target perturbations, the spatiotemporal dynamism of CCL17’s

biological functions across distinct disease stages introduces an additional layer of complexity. For example,

in ischemic stroke, CCL17 has been shown to promote acute neuroinflammation via Th2 cell recruitment,

while simultaneously facilitating tissue repair during the chronic phase through Treg cell activation and

angiogenic signaling pathways
[33,34]

. Inappropriate timing of CCL17 blockade - such as targeting the chronic

reparative phase - could hinder tissue healing and deteriorate long-term clinical outcomes. Similarly, in

atherosclerosis, CCL17 drives lesion progression by suppressing Treg cell homeostasis
[15]

; however, its role in

post-MI repair remains context-dependent, with evidence indicating both pathogenic and protective

effects
[24,48]

. Indiscriminate CCL17 inhibition may therefore attenuate pathogenic inflammation while

concurrently abrogating beneficial repair mechanisms, underscoring the need for precision in therapeutic

design.
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To address these safety challenges and fully harness the therapeutic potential of CCL17 targeting, several key

research directions require advancement. Firstly, the development of highly selective CCL17-targeted agents

(e.g., humanized monoclonal antibodies, structure-based small-molecule inhibitors) that minimize

cross-reactivity with CCL22 or other CCR4 ligands, thereby reducing off-target immune perturbations
[49]

.

Moreover, the exploration of lesion-specific drug delivery systems (e.g., vascular wall-homing nanoparticles,

pathology-associated aptamer conjugates) to concentrate therapeutic agents at pan-vascular lesions, limiting

systemic exposure and preserving physiological CCL17 functions in non-target tissues. Finally, the definition

of stage-specific and patient-stratified therapeutic windows, guided by predictive biomarkers such as CCL17

expression levels, immune cell subset ratios (e.g., Treg/Th2 balance), and comorbidity profiles, to avoid

immunosuppression in contexts where CCL17 exerts protective effects; and fourth, the selection of

comprehensive clinical endpoints that integrate both vascular efficacy outcomes (e.g., plaque stabilization,

aneurysm regression, freedom from MACEs) and safety parameters (e.g., infection incidence, autoimmune

complications, multi-organ function). Only through rigorous preclinical and translational validation of these

precision strategies can the therapeutic potential of CCL17 targeting be fully realized, while mitigating the

risks of nonspecific immunosuppression and off-target toxicity.

DISCUSSION
As a key chemokine closely associated with T-cell biology, CCL17 has emerged as a central mediator in the

pathogenesis of pan-vascular diseases. It links inflammatory cascades across different vascular beds, offering

a highly promising "pan-vascular" therapeutic target for these disorders. This review systematically elaborates

on the diverse mechanisms by which CCL17 regulates the pathological processes of pan-vascular diseases: by

binding to canonical (CCR4) and non-canonical (CCR8) receptors on the surface of target cells (including

Treg cells, Th2 cells, DCs and macrophages), CCL17 modulates downstream signaling pathways, thereby

regulating immune cell recruitment, release of inflammatory mediators, and vascular remodeling. From

accelerating atherosclerotic plaque progression by suppressing Treg cell homeostasis to driving vascular

aging and pathological cardiac hypertrophy, from participating in neuroinflammatory responses in ischemic

stroke to potentially mediating renal inflammatory injury in CKD, CCL17 exhibits context-dependent yet

consistently critical roles across the pan-vascular disease spectrum. Its ability to connect the development of

lesions in various organs highlights its potential as a unified therapeutic target to address the systemic nature

of these diseases.

Despite the highly insightful findings summarized above, several critical gaps remain in our understanding of

CCL17’s biological characteristics and its translational applications. Current evidence primarily relies on

small-scale studies or preclinical models; therefore, large-scale prospective clinical cohort studies are urgently

needed to validate the value of CCL17 in risk stratification for acute ischemic events and risk prediction of

cardiovascular complications in CKD patients. At the preclinical level, the spatiotemporal expression

dynamics of CCL17 across different disease stages require further clarification to define the optimal window

for therapeutic intervention. Additionally, the safety of targeting the CCL17/CCR4 axis remains a core

consideration: due to CCL17’s pleiotropic functions in tissue-specific immune tolerance, non-selective

inhibition may disrupt physiological immune homeostasis, increase susceptibility to infections, or exacerbate

comorbid inflammatory conditions such as atopic dermatitis and interstitial lung disease.

Future research should leverage cutt ing-edge technologies to elucidate the cel l-specif ic and

context-dependent mechanisms of CCL17. Single-cell RNA sequencing and spatial transcriptomics can be

used to dissect the heterogeneous expression patterns of CCL17 and its receptors across different vascular

lesions, cell subsets, and disease stages, thereby identifying key cellular crosstalk networks. Functional studies

using conditional knockout mice will help distinguish the pathogenic and protective roles of CCL17,

avoiding confounding effects associated with global gene ablation. Furthermore, translational research
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should focus on the development of precision-targeted strategies, including highly selective CCL17 inhibitors

(e.g., humanized monoclonal antibodies, structure-based small-molecule antagonists) to minimize

cross-reactivity with CCL22 and lesion-specific drug delivery systems (e.g., vascular wall-homing

nanoparticles) to enable therapeutic agents to accumulate at pathological sites while preserving the

physiological functions of CCL17 in non-target tissues.

Meanwhile, clinical translation efforts need to address the specificity challenge of CCL17 as a biomarker.

Given that CCL17 is also elevated in non-vascular diseases such as Alzheimer’s disease, asthma, and COPD.

Future studies should explore combinatorial biomarker panels to improve the diagnostic accuracy of

pan-vascular diseases. Longitudinal studies are also required to evaluate whether serial monitoring of CCL17

levels can predict treatment responses to emerging therapies (e.g., SGLT2 inhibitors, anti-inflammatory

agents) and guide personalized treatment adjustments.

In summary, CCL17 serves as a central hub in the inflammatory networks driving pan-vascular diseases, with

great potential as both a diagnostic biomarker and a therapeutic target. Integrating preclinical and clinical

research, advanced technological approaches, and precision medicine strategies to address existing

knowledge gaps is crucial for fully unlocking the translational potential of CCL17, ultimately improving the

diagnostic, therapeutic, and preventive outcomes of pan-vascular diseases and their associated complications.

In the coming years, it is expected that our understanding of this multifunctional chemokine will be further

deepened, and these insights will be translated into tangible clinical benefits for a large number of patients.
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