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Endothelial dysfunction is a significant factor in the pathogenesis of various diseases. In pathological states, endothelial cells (ECs)
undergo activation, resulting in dysfunction characterized by the stimulation of inflammatory responses, oxidative stress, cell
proliferation, blood coagulation, and vascular adhesions. Interleukin-35 (IL-35), a novel member of the IL-12 family, is primarily
secreted by regulatory T cells (Tregs) and regulatory B cells (Bregs). The role of IL-35 in immunomodulation, antioxidative stress,
resistance to apoptosis, control of EC activation, adhesion, and angiogenesis in ECs remains incompletely understood, as the
specific mechanisms of IL-35 action and its regulation have yet to be fully elucidated. Therefore, this systematic review aims to
comprehensively investigate the impact of IL-35 on ECs and their physiological roles in a range of conditions, including cardio-
vascular diseases, tumors, sepsis, and rheumatoid arthritis (RA), with the objective of elucidating the potential of IL-35 as a
therapeutic target for these ailments.
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1. Introduction

Endothelial cells (ECs), which comprise the inner lining of
vessels, fulfill various roles in the body [1]. Activation of ECs
can be triggered by various factors, such as hyperlipidemia,
hyperglycemia, and inflammation [2]. Upon activation, ECs
upregulate the expression of adhesion molecules like ICAM-1
and VCAM-1, as well as inflammatory mediators, including
IL-6, IL-1β, and TNF-α3. Prolonged endothelial activation ulti-
mately culminates in endothelial dysfunction [3]. Endothelial
dysfunction is characterized by pathological manifestations,
including inflammation [4], oxidative stress [5], pathological
proliferation [6], coagulation [7], and vascular adhesion [8].
This dysfunction plays a crucial role in the pathogenesis and
advancement of numerous diseases, including cardiovascular
diseases [9], diabetes [10], rheumatoid arthritis (RA) [11], sep-
sis [12], and tumors [13].

Interleukin-35 (IL-35), a recently discovered cytokine
belonging to the IL-12 family, ismainly produced by regulatory
T cells (Tregs) and regulatory B cells (Bregs) [14, 15]. In ECs,
IL-35 plays a multifaceted role encompassing immunomodu-
lation, antioxidative stress, antiapoptosis, and regulation of EC
activation, adhesion, and angiogenesis [6, 16–19]. Nevertheless,
the precise mechanisms underlying the actions of IL-35 in ECs
remain incompletely elucidated. The primary objective of this
article is to provide a systematic review of the impact of IL-35
on ECs and its role in various diseases, such as cardiovascular
diseases, tumors, sepsis, RA, and other conditions, with the aim
of investigating its potential as a therapeutic target for these
ailments.

2. Methods

2.1. Search Strategy. In June 2023, a comprehensive search was
performed in PubMed, Ovid’s version of MEDLINE, and
EMBASE databases. The following terms were used:
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“Interleukin-35” OR “IL-35”, “B cell” OR “T cell” OR
“macrophage”, “Endothelial cells” OR ”Endothelial function”
OR “Endothelial dysfunction,” “Inflammation” OR
“Angiogenesis” OR “Cell adhesion” OR “Atherosclerosis” OR
“Cardiovascular diseases” OR “Sepsis” OR “Rheumatoid
arthritis” OR “Tumors”, combined with AND, such as
(“Endothelial function” OR “Endothelial dysfunction”) AND
(“IL-35” OR “Interleukin-35”). This search primarily focused
on basic research studies, including in vitro and animal studies,
with a focus on IL-35’s molecular mechanisms in ECs. Clinical
studies were included for reference to demonstrate IL-35’s
relevance in endothelial dysfunction-related diseases. The
search was limited to studies from January 2000 to present,
excluding reviews, clinical trials, and without explicit
investigation into IL-35. The review followed PRISMA
guidelines for systematic reviews.

2.2. Study Selection. The study selection process aimed to
identify all relevant published studies on IL-35, focusing on
the following key areas: (1) structure and origin of IL-35, (2)
downstream signaling pathways and biological functions of IL-
35, and (3) effects of IL-35 on ECs and endothelial function in
various diseases. While providing a comprehensive review of
IL-35’s signaling pathways and biological functions, we
included a more concise discussion to maintain focus on the
primary research objectives. Additionally, clinical studies
related to IL-35 in certain diseases were included in this review
but not discussed in detail, only highlighting the relevance of
IL-35 to clinical diseases. Inclusion was based on established
relevance and rigor, ensuring the studies contribute to a com-
prehensive understanding of IL-35’s role in endothelial dys-
function and related diseases.

2.3. Data Extraction. The titles and abstracts of all identified
records from each database search were imported into the
commercial reference management software EndNote (Clari-
vate Analytics). Duplicate records were identified and removed
through manual screening. Two investigators (Kai Li and Jie
Feng) independently reviewed the final list of studies for inclu-
sion. For studies discussing IL-35’s structure and function, data
extraction was performed by Kai Li and Leilei Han. For studies
investigating IL-35’s role in endothelial function in various
diseases, data extraction was performed by Kai Li and Meng
Li. Any disagreements were resolved through discussion, and
quality assessment tools were used as appropriate. Finally, Kai
Li completed the preparation of the tables and figures, with the
figures created using the online tool Figdraw.

3. Results

A total of 644 citations were reviewed, and 44 studies met the
eligibility criteria and were included in the final systematic
review. Among these, 15 studies focused on the structure and
overall function of IL-35, while 29 studies examined the effects
of IL-35 on endothelial function. The full PRISMA flow dia-
gram is presented in Figure 1. Detailed information on studies
investigating the effects of IL-35 on endothelial function in
vascular diseases, tumors, and RA is provided in Tables 1–3
of the corresponding chapters, along with a comprehensive

illustration of the results and relevant references. Additionally,
other diseases, such as sepsis and osteoarthritis (OA), will be
discussed in detail.

3.1. ECs and Endothelial Dysfunction. ECs, which comprise
the inner lining of arteries, veins, and capillaries, fulfill a mul-
tifaceted role in the body [1]. In addition to acting as a protec-
tive barrier, these cells are involved in various physiological
processes such as nutrient transport [28], coagulation and
anticoagulation balance [29], regulation of vascular tone [30],
expression of innate immune receptors [30], endocrine func-
tion [31], maintenance of endothelial integrity [32], control of
leukocyte extravasation [33], angiogenesis [5], and overall
maintenance of multiorgan health and homeostasis [34]. ECs
exhibit both resting and activated states. During periods of rest,
ECs regulate the secretion of vasoconstrictive and vasodilatory
factors, including nitric oxide (NO) [35], prostacyclin [36], and
endothelin [37], in order to uphold vascular tone, blood pres-
sure, and blood flow. Additionally, in the resting state, ECs
prevent leukocyte interaction [38] and suppress the expression
of adhesion molecules like E-selectin, VCAM-1, and ICAM-1
[39]. Exposure to factors such as hyperlipidemia, hyperglyce-
mia, and inflammation disrupts these protective mechanisms
of ECs, resulting in their activation and compromising their
structural integrity [2]. ECs in an activated state exhibit height-
ened secretion of adhesion molecules, including ICAM-1 and
VCAM-1, as well as inflammatory factors such as IL-6, IL-1β,
and TNF-α. These molecular changes facilitate the trans-
endothelial migration of various immune cells, including
monocytes [33], macrophages [40], dendritic cells [41], leuko-
cytes [42], B-cells [43], T-cells [44], and NK-cells [45]. Pro-
longed endothelial activation ultimately leads to endothelial
dysfunction [3]. Endothelial dysfunction is characterized by
an imbalance between vasodilatory factors and constrictive
factors, resulting in a predominantly provasoconstrictive state.
This imbalance contributes to pathophysiological changes,
including inflammation [4], oxidative stress [5], pathological
proliferation [6], coagulation [7], and vascular adhesion [8].
Endothelial dysfunction is a crucial factor in the development
and progression of various diseases, including cardiovascular
diseases [9], metabolic syndrome [10], systemic inflammatory
disease [11], sepsis [12], and tumors [13].

3.2. Overview of IL-35. In 1997, Devergne, Birkenbach, and
Kieff [46] identified a novel dimer formed by the EBI3 and p35
subunits of IL-12, demonstrating mutual promotion of secre-
tion between these subunits. Subsequently, Collison et al. [14]
in 2007 designated this dimer as IL-35, a constituent of the IL-
12 cytokine family characterized by the assembly of distinct α-
and β-chains into heterodimeric proteins. The IL-12 family
comprises IL-12, IL-23, IL-27, IL-35, and IL-39, each composed
of specific subunits. These subunits include p35 and p40 for IL-
12, p19 and p40 for IL-23, p28 and EBI3 for IL-27, p35 and
EBI3 for IL-35, and p19 and EBI3 for IL-39 [47–50]. Addition-
ally, each member of the IL-12 family possesses a correspond-
ing receptor composed of two subunits. Specifically, the
receptor subunit for IL-12 is IL-12Rβ1:IL-12Rβ2, for IL-23 is
IL-23R:IL-12Rβ1, for IL-27 is IL-27Rα:gp130, and for IL-39 is
IL-23R:gp130. The receptors for IL-35 exhibit diverse and cell-
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specific forms, including IL-12Rβ2:IL-12Rβ2, IL-12Rβ2:gp130,
gp130:gp130, and IL-12Rβ2:IL-27Rα, which are reported to be
promoted by IL-35 [8, 51, 52].

Upon stimulation by members of the IL-12 family, the cell
membrane undergoes structural alterations in the surface
receptor, leading to the activation of Janus kinases (JAKs)
such as Jak1, Jak2, and Tyk2. These JAKs then phosphorylate
the receptor, creating phosphotyrosine docking sites that
attract specific signal transduction factor STATmolecules. Fol-
lowing recruitment to these sites, STAT is phosphorylated,
resulting in the formation of specific dimers that translocate
to the nucleus. Once in the nucleus, these dimers bind to the
promoter regions of target genes and modulate their transcrip-
tion [50, 53–55]. For instance, IL-12 facilitates Th1 cell

differentiation primarily by stimulating the formation of
p-STAT4:p-STAT4 dimers [56]; IL-23 promotes Th17 cell dif-
ferentiation mainly through activation of p-STAT3:p-STAT3
dimers [57, 58]; IL-27 triggers the activation of p-STAT1 and
p-STAT3 to create homo- or heterodimers, which produce
immunomodulatory effects and demonstrate both proinflam-
matory and suppressive immune responses in various diseases
[59–62]; IL-39 activates p-STAT1:p-STAT3 heterodimers and
induces proinflammatory effects. Due to the specificity of the
IL-35 receptor [48], IL-35 can initiate the formation of
p-STAT1:p-STAT3, p-STAT1:p-STAT4, p-STAT1:p-STAT1,
and p-STAT4:p-STAT4, although other combinations of
STAT proteins may also contribute to its downstream biologi-
cal functions [8, 9, 15] (Figure 2).
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FIGURE 1: PRISMA 2020 flow diagram for new systematic reviews, which included searchers of databases and registers only. From [M. J. Page,
J. E. McKenzie, P. M. Bossuyt, I. Boutron, T. C. Hoffmann, C. D. Mulrow, et al. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ 2021; 372: n71. doi: 10.1136/bmj. n71].
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TABLE 1: Studies reporting the effects of IL-35 on endothelial function in vascular diseases, including atherosclerosis, delayed post-stent
endothelialization, PAH, PE, ischemic stroke, and PAD.

Author/year ref. Type of study Cohort Aims Findings

Li et al.
2018
ATVB [18].

Cell model
(HAEC)

Mice model

Control
LPC

LPC+ IL-35
ApoE-/-HF

ApoE-/-HF+ IL−35

Investigate whether IL-35
inhibits atherogenic lipid-
induced EC activation and

atherosclerosis

IL-35 is induced during
atherosclerosis development and

inhibits mtROS- H3K14
acetylation-AP-1-mediated EC

activation.

Li et al.
2020
Redox Biology [17].

Cell model
(HAEC)

Control
LPC

LPC+ IL−35

Investigate how IL−35 blocks
atherogenic lipid and LPS-
induced EC activation and

whether mtROS differentiate EC
activation from trained

immunity

IL-35 may reverse mtROS-
mediated innate immune

signaling pathways in HAECs
while sparing metabolic
reprograming and trained

immunity, which may not fully
depend on mtROS.

Liu et al.
2019
Clinical Science [9].

Cell model

(macrophages)
(HUVEC)

Rabbits model

Control
IL-35+si-STAT1/4

IL-35+anti-IL-12Rβ2
IL-35+anti-GP130

Control
TNF-α

TNF-α+cocultured with IL-35-
treated macrophages

SESs implanted
SESs implanted + IL-35

Investigate the relationship
between IL-35

and early strut coverage

IL-35 activated an
anti-inflammatory M2-like
macrophage phenotype via

STAT1/4, enhancing endothelial
proliferation and improving
dysfunction with early strut

coverage in SES-treated rabbits.

Wan et al. 2021
Ann Transl Med [6].

Cell model
(HUVEC)
Mice model

Control
Hypoxia+IL-35

Hypoxia+IL-35+anti-GP130
Hypoxia+IL-35+anti-IL12Rβ2

Hypoxia+IL-35+STAT1
inhibitor

PH
PH+Anti-IL-35 Ab

Investigate the mechanism of IL-
35 and its downstream

molecules in the development of
pulmonary hypertension

Tregs-derived IL-35 alleviates
pulmonary hypertension by

inhibiting EC proliferation via
STAT1, reversing pulmonary

vascular remodeling.

Li et al. 2020
Hypertens
Pregnancy [20]

Cell model
(HUVEC)

PE serum
PE serum+IL-35

PE serum+IL-35+S100A8
shRNA

Investigate the protective effects
of IL-35 on HUVECs injured by

PE patient serum

IL-35 inhibited PE serum-
induced HUVEC apoptosis and

ROS levels by S100A8.

Qian et al. 2022
Ann Transl
Med [21].

Cell model
(bEnd.3)

Mice model

Control
OGD-R

OGD-R+IL-35
Sham
MCAO

MCAO+ IL-35

Investigate the effects of IL-35
on BBB dysfunction in ischemic

stroke

IL-35 exerts a protective effect
on the BBB by targeting the

ROS/TXNIP/caspase-1 pathway
in cerebral ischemia-reperfusion

(I/R) injury.

Liu et al. 2022
Transl Pediatr [22].

Cell model
(HUVEC)
Rats model

Control
Cocultured with microglia
culture medium +PBS

Cocultured with IL-35-treated
microglia culture medium +PBS

Sham
HI

HI+ IL-35

Investigate the effect of IL-35
treatment on neonatal rats with
hypoxic-ischemic brain injury

IL-35 reversed M1-microglial
polarization-induced
endothelial injury and

suppressed HIF-1 α and NF-κB
signaling in vivo and in vitro.

Fu et al. 2020
Front lmmunol [5].

Cell model
(HMVEC)
Mice model

Control
IL-35
FGF2

IL-35+FGF2
HLI

HLI+ IL-35

Investigate how IL-35 regulates
ischemia-induced angiogenesis
in peripheral artery diseases

IL-35 reduced ROS expression
and promoted antiangiogenic
matrix remodeling in early HLI

while preserving vascular
regeneration in later stages.

Note: The references are listed in the order of progression in the text, as shown in the PRISMA flowchart.
Abbreviations: BBB, blood–brain barrier; EC, endothelial cell; HLI, hind limb ischemia; HUVECs, human umbilical vein endothelial cells; I/R, ischemia-
reperfusion; IL-35, interleukin-35; LPC, lysophosphatidylcholine; mtROS, mitochondrial reactive oxygen species; OGD-R, oxygen-glucose deprivation-
reperfusion; PAD, peripheral arterial disease; PAH, pulmonary arterial hypertension; PE, pre-eclampsia; ROS, reactive oxygen species; Tregs, regulatory
T cells.
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TABLE 2: Studies reporting the effects of IL-35 on endothelial function in tumors.

Author/year ref. Type of study Cohort Aims Findings

Wang et al. 2013
J Immunol [85].

Cell model
(J558, B16)
Mice model

Control
IL-35

J558-Control
J558-IL-35
B16-Control
B16-IL-35

Investigate the roles of
tumor-derived IL-35 in
tumorigenesis and tumor

immunity

Tumor-derived IL-35
increases CD11b+Gr1+

myeloid cell accumulation in
the tumor

microenvironment and,
thereby, promotes tumor

angiogenesis.

Zhu et al. 2020
Cancer Cell
Int [86].

Mice model

Control
IL-35

IL-35 NA
Scramble

Investigate the effects of
IL-35 and its

immunoregulatory effect on
PCA

IL-35 facilitates the
proliferation of mouse
prostate tumors and the
formation of microvessels.

Li et al. 2020
FEBS Open
Bio [87].

Cell model
(HUVEC)

Control
IL-35
s-IL-35

pc-IL-12A
pc-EBI3
sh-IL-12A
sh-EBI3

Investigate the role of IL-35
in the angiogenesis of gastric

cancer

IL-35 did not directly affect
HUVEC angiogenesis in

tube-forming assays, but the
supernatant from gastric
cancer cells overexpressing
IL-35, EBI3, and IL-12A
significantly enhanced it.

Huang et al. 2017
Nat Commun [8].

Cell model
(HUVEC)

Control
pLV-IL35

pLV-IL35-sh ICAM1
Fibrinogen

pLV-IL-35+fibrinogen
pLV-IL-35+fibrinogen
+anti-ICAM1 Ab
IL-35+anti-GP130
IL-35+anti-IL12Rβ2
IL-35+stat1 inhibitor

Investigate the role of IL-35
in cancer metastasis and

progression

IL-35 promotes ICAM1
overexpression through
GP130-STAT1 signaling
pathway, which facilitates
endothelial adhesion and

transendothelial
migration via an ICAM-
fibrinogen-ICAM1 bridge.

Huang et al. 2018
Gastroenterology
[19].

PDAC tissues
Cell model
(monocytes)

(HUVEC+monocytes
treated accordingly)

pLV-vector
pLV-IL35

pLV-scramble
pLV-shIL35

pLV-IL35+clophosome
Control
pLV-IL35

pLV-scramble
pLV-shIL35

pLV-IL35+anti-CCL2
pLV-IL35+anti-CCL5

Control
Anti-CXCL1
Anti-CXCL8

Anti-CXCL1+ Anti-CXCL8

Investigate the role of IL35 in
monocyte-induced

angiogenesis of PDAC in
mice

IL-35 upregulation in tumor
cells recruits monocytes to
PDAC tissues via CCL5
while also upregulating

angiogenesis-related genes
(CXCL1, CXCL8) in
monocytes, promoting

angiogenesis. IL-35 activates
STAT1 and STAT4

phosphorylation through the
IL12RB2:gp130 receptor,

triggering CCL5
transcription in PDAC and

CXCL1, CXCL8 in
monocytes.

Zou et al. 2017
Oncotarget [78]

Mice model
Control
pUN01
pIL-35

Investigate the effect of IL-35
on neutrophils in tumor

development

IL-35 overexpression in
neutrophils induced N2

polarization and enhanced
their proendothelial

angiogenic capabilities.

Liu et al. 2022
FEBS J [88].

Cell model
(MB-231,
MCF-7)

Mice model

Control
IL-35
sEVs

IL-35-sEVs

Investigate the participation
of sEVs derived from breast
cancer cells in modulating
angiogenesis and the effect of
IL-35 in facilitating this

process.

IL-35 promoted exosome
production in breast cancer
cells (IL-35-sEVs), which

enhanced HUVEC
proliferation and
angiogenesis.

Note: The references are listed in the order of progression in the text, as shown in the PRISMA flowchart.
Abbreviations: HUVEC, human umbilical vein endothelial cell; ICAM1, intercellular adhesion molecule 1; IL-35, interleukin-35; PDAC, pancreatic ductal
adenocarcinoma; sEVs, small extracellular vesicles.
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3.3. The Function of IL-35. IL-35, a crucial immunosuppres-
sive factor within the IL-12 family [63], has been extensively
researched for its role in mitigating inflammatory responses in
various diseases, including ulcerative colitis, systemic lupus
erythematosus, acute kidney injury, influenza A and hepatitis
B [64–68]. Its immunosuppressive function is primarily medi-
ated by Tregs, Bregs, andmacrophages through the secretion of
anti-inflammatory cytokines.

Initially, IL-35 demonstrates immunosuppressive proper-
ties through the differentiation of T cells and B cells [14, 15, 69].
Collison et al. [14] observed elevated expression of the IL-35
subunits EBI3 and p35 in Tregs, while its expression was absent
in quiescent or activated effector T cells (Teff). Furthermore,
IL-35 secreted by Tregs can promote autocrine IL-35 produc-
tion, thereby amplifying the immunosuppressive capabilities of
Tregs [14]. Collison et al. [69] demonstrated that IL-35 not only
promotes IL-35 production in mouse CD4+Foxp3+Tregs, but
also facilitates the development of IL-35-induced Tregs (iTR35
cells) in CD4+Foxp3-T cells [69]. Additionally, Shen et al. [15]
identified that IL-35 enhances the phosphorylation of STAT1
and STAT3 via the IL-12Rβ2:IL-27Rα receptor, resulting in

increased IL-35 production in mouse B cells and the differenti-
ation of B cells into IL-35-secreting B cells. Ma et al. [70] found
that IL-35 induces the production of iTR35 in human CD4+ T
cells by promoting p-STAT1:p-STAT3 synthesis.

Furthermore, IL-35 demonstrates a multifaceted role in
immune regulation by promoting Treg differentiation and pro-
liferation while concurrently inhibiting the differentiation and
proliferation of T helper cell subsets Th1, Th2, and Th17. IL-35
also suppresses the secretion of key cytokines associated with
these subsets, including IFN-γ, IL-4, IL-5, IL-13, and IL-17
[71–74]. Moreover, IL-35 exerts inhibitory effects on both
CD4+ and CD8+ T cell proliferation [75, 76], as well as macro-
phage polarization toward the proinflammatory M1 pheno-
type, favoring polarization toward the anti-inflammatory M2
phenotype and ultimately dampening inflammatory responses
[9]. An increasing body of research has demonstrated that
various cell types, including dendritic cells, smooth muscle
cells, neutrophils, and tumor cells, are capable of secreting
IL-35 during inflammatory conditions, leading to diverse phys-
iological effects [8, 9, 77, 78]. Furthermore, IL-35 exhibits anti-
inflammatory properties by stimulating the release of anti-

TABLE 3: Studies reporting the effects of IL-35 on endothelial function in rheumatoid arthritis.

Author/year ref.
Type of
study

Cohort Aims Findings

Jiang et al. 2016
Cell Physiol Biochem
[23].

Cell model
(HUVEC)

Control
VEGF
Ang2

VEGF+Ang2
IL-35+VEGF
IL-35+Ang2

IL-35+VEGF+Ang2
Anti-Tie2+VEGF
Anti-Tie2+Ang2

Anti-Tie2+VEGF+Ang2

Investigate how IL-35 alleviates
collagen-induced arthritis

Coculturing RA synovial tissue
explants with IL-35 and HUVECs
inhibits VEGF-induced HUVEC
functions, including wound

healing, migration, adhesion, and
tube formation, via the Ang2/Tie2

pathway.

Wu et al. 2016
Int Immunopharmacol
[24].

Mice model
Control

CIA+PBS
CIA+ IL-35

Investigate the effect of IL-35 on
VEGF and its receptors in a CIA

mouse model of RA.

IL-35 suppressed the expression of
VEGF and its receptors Flt-1 and
Flk-1, as well as the inflammatory
factor TNF-α in synovial tissues

Wu et al. 2018
Clin Exp Rheumatol
[25].

Cell model
(HUVEC)

CIA+PBS
CIA+ IL-35

CIA+ IL-35+STAT1-
inhibitor

Investigate the anti-angiogenic
effect of IL-35 in FLS.

IL-35 inhibits the expression of
VEGF, FGF-2, endostatin, TNF-α,
and IL-6 in FLS through STAT1
while promoting the expression of

endostatin.

Houshmandi et al.
2016
Cytokine [26].

Mice model

Control
IGF-1

IGF-1 antagonist
IL-35

IL-35 antagonist
IGF-1+IL-35 antagonist

Investigate the mechanism of IL-35
mediating vascular inflammation
and endothelial dysfunction via

IGF-1

rhIL-35 had no significant effect on
inflammatory lesions and

neovascularization in arthropathic
lesions but inhibited them in
lesions with p35 inhibitors.

Liu et al. 2019
Clin Exp Rheumatol
[27]

Cell model

(MC3T3E1)

Control
TNF-α

TNF-α+IL-35

Investigate the function of IL-35 in
osteoblast (MC3T3E1)

angiogenesis and its signaling
pathway in RA

IL-35 promotes MC3T3E1 cell
proliferation, upregulates VEGF
and its receptors Flt-1 and Flk-1,
and inhibits apoptosis under

inflammation.

Note: The references are listed in the order of progression in the text, as shown in the PRISMA flowchart.
Abbreviations: CIA, collagen-induced arthritis; FLS, fibroblast-like synoviocytes; HUVEC, human umbilical vein endothelial cell; IL-35, interleukin-35; RA,
rheumatoid arthritis; VEGF, vascular endothelial growth factor.
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inflammatory factors such as IL-10, TGF-β, and IL-23 from
target cells [9, 16, 79] (Figure 2).

However, the potential inhibitory effects of IL-35 on other
proinflammatory cytokines within the IL-12 family remain
uncertain. Shared subunits EBI3 with IL-27 and IL-39, and
p35 with IL-12, suggest that IL-35 could competitively inhibit
the production of IL-12, IL-27, and IL-39. Nevertheless,
research indicates that the formation of IL-35 dimers is not
mediated by IL-12A in IL-12 and EBI3 in IL-27, suggesting
that structural competitive inhibition may not be a mechanism
by which IL-35 inhibits IL-12 and IL-27 production [80]. Li
et al. [81] proposed that the interaction between IL-35 and its
receptor leads to the inhibition of proinflammatory cytokine
signaling, including IL-6, IL-12, and IL-27 [81]. This inhibition
may be attributed to the competitive binding of IL-35 and other
members of the IL-12 family to the same receptor chain, result-
ing in an immunosuppressive physiological response [82].
However, it has also been observed that IL-35 can dose-
dependently stimulate the production of inflammatory factors
and chemokines, such as IL-6, IL-1β, andMCP-1, by peripheral
blood mononuclear cells (PBMCs) [83]. This phenomenon
may be attributed to the interaction of the IL-35 subunit,
EBI3, with gp130-expressing cells, resulting in both proinflam-
matory and anti-inflammatory effects. The binding of the EBI3
subunit to IL-6 and subsequent transmembrane signaling is
believed to enhance the production of chemokines that pro-
mote proinflammatory responses. Consequently, Chehboun
et al. [84] recommend vigilance in maintaining the structural

integrity of IL-35 when considering its use as a therapeutic
agent to prevent potential proinflammatory outcomes.

3.4. IL-35 and Endothelial Dysfunction. Recent studies have
demonstrated that both exogenous and endogenous IL-35 can
modulate various cellular functions in ECs, including prolifer-
ation, apoptosis, inflammation, adhesion, migration, mesen-
chymal transition, and neovascularization, either directly or
indirectly (Figure 3). Table 1 summarizes studies on the effects
of IL-35 on endothelial function in vascular diseases, such as
atherosclerosis, delayed post-stent endothelialization, pulmo-
nary arterial hypertension (PAH), pre-eclampsia (PE), ische-
mic stroke, and peripheral arterial disease (PAD). Table 2
presents IL-35’s impact on endothelial function in tumors,
while Table 3 focuses on its effects in RA. Other conditions,
including sepsis, OA, and transfusion-related lung injury, are
not included in the tables due to limited study numbers but are
discussed in detail in the text. The following sections will pro-
vide a comprehensive examination of how these processes con-
tribute to various pathological states.

3.4.1. Atherosclerosis. Atherosclerosis is currently acknowl-
edged as an autoimmune condition [89, 90] believed to result
from prolonged injury to the vascular endothelium caused by
multiple risk factors [91, 92]. Endothelial dysfunction serves as
an initial indication of atherosclerosis, with damage to the
endothelium activating various factors that contribute to the
advancement of the disease, ultimately leading to further endo-
thelial dysfunction [93, 94]. Shao et al. [95] have shown that IL-
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35 hinders atherosclerosis by enhancing the production of
CD4+Foxp3+Tregs through the facilitation of CCR5 expression
[95]. Furthermore, Bhansali et al. [96] demonstrated that exog-
enous IL-35 altered miRNA expression in macrophages
derived from individuals with coronary artery disease, leading
to a reduction in oxidized low-density lipoproteins (ox-LDLs)-
induced atherosclerosis. Additionally, IL-35 was found to miti-
gate high-fat-induced endothelial dysfunction in addition to its
atherosclerosis-inhibiting effects. The activation of ECs by lyso-
phosphatidylcholine (LPC) serves as a crucial initial event in
the pathogenesis of atherosclerosis. During the early stages of
hyperlipidemia, LPC triggers EC activation, leading to the pro-
duction of ICAM-1. This molecule facilitates the adhesion and
migration of leukocytes to the endothelium, thereby promoting
the development of atherosclerosis [97–99]. Additionally, LPC
induces the innate immune differentiation and training of
immune characteristics in ECs [100].

Li et al. [99] illustrated that LPC induces an increase in
IL-35 expression in the serum, leading to heightened IL-35
receptor expression in aortic cells, thereby preventing LPC-
induced monocyte adhesion and ICAM-1 expression. Subse-
quent investigations revealed that IL-35 inhibits histone H3
lysine 14 acetylation stimulated by mitochondrial reactive oxy-
gen species (mtROS), with this acetylation promoting EC
ICAM-1 expression through activator protein-1 (AP-1)
[100]. Consequently, IL-35 emerges as a pivotal factor in sup-
pressing EC activation induced by elevated lipid levels [18].
Another investigation suggested that IL-35 inhibits LPC-
induced intercellular adhesion, cellular activation, cytokine,

and receptor activation through the inhibition of mtROS pro-
duction and reverse innate immune signaling pathways such as
Toll-like receptors and nod-like receptors. However, IL-35 does
not affect trained immune signaling pathways such as glycoly-
sis and cholesterol homeostasis pathways [17]. These results
indicate that IL-35 may effectively suppress high-fat-induced
endothelial dysfunction and the progression of atherosclerosis.

3.4.2. Delayed Post-Stent Endothelialization. Delayed post-
stent endothelialization is a pathological condition character-
ized by inadequate coverage of the stent surface by newborn
ECs following stent implantation, thereby increasing the risk of
in-stent restenosis and thrombosis [101]. This phenomenon is
primarily attributed to EC dysfunction and limited proliferative
and regenerative capabilities [102, 103]. Macrophage polariza-
tion toward the M1 phenotype is implicated in the production
of peroxides, leading to endothelial dysfunction and hindering
stent coverage and endothelial repair [104].

Liu et al. found a significant elevation in serum IL-35 levels
and decreased IL-1β levels in patients with covered stents com-
pared to those with uncovered stents. Their investigation
involved the examination of human PBMC treated with
IL-35 and/or IFN-γ + LPS for 24h, revealing that IL-35 facil-
itates the polarization of macrophages toward the M2 pheno-
type via the IL-12Rβ2:gp130/p-STAT1:p-STAT4 signaling
pathway. Subsequently, they demonstrated that within a model
of TNF-α-induced endothelial dysfunction, IL-35 exhibited
beneficial effects on EC proliferation and angiogenesis, sup-
pression of apoptosis, enhancement of secretion of IL-10 and
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TGF-β, inhibition of IL-12 secretion, and attenuation of NF-κB
and IκBα phosphorylation through the induction of macro-
phage polarization toward theM2phenotype, ultimately result-
ing in enhanced endothelial function [9]. Consequently, IL-35
may have the potential to ameliorate inadequate endotheliali-
zation following stent placement by promoting macrophage
polarization toward the M2 phenotype.

3.4.3. PAH. PAH is a severe condition characterized by ele-
vated pressure in the pulmonary arteries, resulting in potential
right ventricular overload and progression to right heart failure
[105]. ECs play a crucial role in the pathogenesis of PAH, with
abnormalities in endothelial growth factors (e.g., vascular
endothelial growth factor [VEGF]) and endothelial generating
factors (e.g., NO) observed in PAH patients [90]. These vari-
ables have the potential to impact the functionality of ECs with
regard to angiogenesis, migration, and vasoconstriction, ulti-
mately resulting in endothelial dysfunction [106, 107]. Conse-
quently, the suppression of angiogenesis in ECs is considered a
promising therapeutic approach.

Wan et al. [6] observed elevated levels of EBI3, IL-12A, and
serum IL-35 in the lung tissues of mice afflicted with PAH
compared to their healthy counterparts. The transplantation
of Tregs effectively ameliorated pulmonary hypertension, with
a reduced therapeutic efficacy observed in mice subjected to
EBI3 knockout or treated with IL-35 antibodies. Furthermore,
both in vitro and in vivo experiments demonstrated that IL-35
suppressed EC proliferation under hypoxic conditions, and this
effect was attenuated by blocking STAT1. Subsequent investi-
gations revealed that Tregs-derived IL-35 suppressed the exces-
sive proliferation of pulmonary artery ECs via modulation of
the gp130/STAT1 signaling pathway [6].

3.4.4. PE. PE is a hypertensive disorder that poses a significant
risk to the health of pregnant women, characterized by systemic
maternal endothelial dysfunction [108–110]. Elevated levels of
various factors, including TNF-α, IL-6, lipid peroxides, cellular
debris, and ox-LDL, are commonly observed in the blood-
stream of individuals with PE [111, 112]. These factors contrib-
ute to the generation of ROS and peroxides, ultimately leading
to EC damage [113, 114].

Li et al. discovered a significant decrease in the percentage
of iTR35 cells in the peripheral blood of patients with PE, along
with reduced serum IL-35 concentrations. They also observed
that IL-35 modulated the calcium-binding protein S100A8,
which plays a role in scavenging reactive oxygen species
(ROS) and reducing oxidative stress [115]. This modulation
inhibited the generation of ROS induced by PE serum, miti-
gated the decrease in matrix metalloproteinases (MMPs), and
prevented apoptosis in human umbilical vein ECs (HUVECs)
[20]. Therefore, IL-35 may serve as a novel biomarker with
both theoretical and practical implications for the prenatal
screening and treatment of PE patients.

3.4.5. Ischemic Stroke. Ischemic stroke results from a reduction
in cerebral blood flow due to the obstruction of cerebral blood
vessels [116]. Following treatment with recombinant tissue-
type plasminogen activator or interventional thrombolysis,
patients commonly experience postischemic reperfusion

injury, leading to harm to cerebral microvascular ECs and
compromising the integrity of the blood–brain barrier (BBB)
[117]. This ultimately diminishes the effectiveness of flow-
restoring therapy [118]. Furthermore, under ischemic and hyp-
oxic conditions, there is a prompt activation of microglia lead-
ing to the polarization into M1 or M2. Unregulated activation
of M1 microglia can cause harm to healthy neurons, diminish
the viability of impaired neurons, and affect ECs negatively.
Conversely, M2 microglia have the capability to suppress the
inflammatory reaction and aid in the restoration of brain injury
[119, 120].

Liu et al. [21] constructed a murine model of middle cere-
bral artery occlusion and administered intraventricular injec-
tions of recombinant IL-35. They demonstrated that IL-35
facilitates the transformation of microglia into M2 by suppres-
sing ROS generation, NF-κB phosphorylation, and HIF1-α
production, ultimately decreasing their viability in the presence
of oxygen and reducing their detrimental impact on ECs during
oxygen-glucose deprivation-reperfusion (OGD-R) conditions
[21]. The research group further observed that IL-35 sup-
pressed ROS generation, p38 phosphorylation, and the expres-
sion of inflammatory cytokines IL-1β and IL-18 while
enhancing the expression of tight junction proteins ZO-1 and
occludin in mouse cerebral microvascular ECs subjected to
OGD-R. Additionally, IL-35 was found to inhibit caspase-1
production via the ROS/TXNIP signaling pathway [22]. These
findings suggest that IL-35 exerts a protective effect on ECs
against OGD-R-induced damage, either through direct or indi-
rect mechanisms.

3.4.6. PAD. PAD is characterized by reduced blood flow to
peripheral limbs and organs as a result of stenosis caused by
atherosclerosis in the arteries of the lower extremities [121,
122]. A prevalent symptom is pain during movement of the
lower extremities, and PAD is closely linked to coronary heart
disease and stroke. Despite recommendations advocating sur-
gical intervention for advanced PAD, a significant number of
patients with advanced PAD are unable to achieve favorable
outcomes due to surgical challenges [123, 124].

Recent research indicates that IL-35 plays a significant role
in PAD treatment. Fu et al. discovered that in amousemodel of
hindlimb ischemic disease, there was an increase in the expres-
sion of IL-35 and its receptor subunit, IL-12Rβ2, in muscle,
while the expression of gp130 remained unchanged. Further-
more, they observed that IL-35 hindered the early injury/
inflammatory vascular regeneration induced by hind limb
ischemia (HLI) by reducing the expression of ROS and enhanc-
ing the expression of anti-angiogenic extracellular matrix
remodeling proteins yet maintained the vascular regenerative
function in the later stages of HLI [5]. These findings offer a
novel perspective and insight into the potential therapeutic role
of IL-35 in the treatment of PAD.

3.4.7. Tumors. ECs are crucial participants in the process of
tumor development, as they are stimulated by angiogenic pro-
teins secreted by the cells in the tumor microenvironment,
leading to the formation of new blood vessels [125, 126]. Addi-
tionally, these cells release cytokines that enhance EC activation
and permeability, facilitating the migration of tumor cells
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across vessel walls [127, 128]. IL-35 has been implicated in
tumorigenesis and progression in numerous research studies.
Recent research has demonstrated that Tregs are capable of
producing IL-35, a cytokine that hinders the antitumor func-
tions of lymphocytes, enhances the accumulation of myeloid
cells, stimulates angiogenesis, and expedites tumor advance-
ment [129, 130]. Furthermore, IL-35 can expedite tumor pro-
gression by modulating the physiological functions of tumor
cells and various other cell types within the tumor microenvi-
ronment, including ECs and tumor-associated macrophages,
thereby influencing processes such as cell proliferation, apopto-
sis, and angiogenesis, ultimately impacting tumor development
[85, 87, 131]. Current research indicates that IL-35 within the
tumor microenvironment typically does not directly impact
ECs. Instead, IL-35 influences the biological activities of ECs,
including activation, migration, adhesion, and neovasculariza-
tion, through interactions with other cells such as tumor cells
[87], monocytes [19], and neutrophils [78] present in the
tumor microenvironment.

Wang et al. [132] demonstrated a notable augmentation in
vascular neovascularization within tumor tissues following the
subcutaneous injection of mouse plasmacytoma J558 cells and
mouse melanoma B16 cells overexpressing IL-35 in mice [132].
Zhu et al. [86] observed that IL-35 facilitated the proliferation of
mouse prostate tumors and the formation of microvessels, while
the administration of IL-35 antibodies resulted in contrasting
effects [86]. Li et al. [87] discovered that IL-35 was upregulated
in human gastric cancer tissues and exhibited a positive correla-
tion with microvessel density. While rhIL-35 did not directly
impact the angiogenesis ofHUVEC in vitro tube-forming assays,
the supernatant from gastric cancer cells overexpressing IL-35,
EBI3, and IL-12A notably enhancedHUVEC angiogenesis. Sub-
sequent investigations revealed that IL-12A overexpression stim-
ulated the expression of angiogenesis-associated proteins
TIMP1, IGFBP1, and PAI1 in tumor cells. IL-12A, a component
of IL-35, may be responsible for stimulating tumor cells to pro-
duce angiogenic proteins [87].

In addition to tumor cell-derived IL-35 promoting angio-
genesis, Huang et al. indicated that IL-35 originating from pan-
creatic ductal adenocarcinoma (PDAC) cells stimulated the
GP130/STAT1 signaling pathway, resulting in the formation
of p-STAT1:p-STAT4. This activation subsequently enhances
the expression of intercellular adhesion molecule 1 (ICAM1)
in PDAC cells, which facilitates the adhesion and transendothe-
lial migration of ECs in tumor tissues by forming an ICAM1-
fibrinogen-ICAM1 bridge [8]. Subsequent research demon-
strated a notable increase in the quantity of microvessels within
PDAC tissues exhibiting high levels of IL-35 expression. More-
over, the upregulation of IL-35 in tumor cells facilitated the
recruitment of monocytes to PDAC tissues through the chemo-
kine CCL5. IL-35 also induced the upregulation of angiogenesis-
related genes (CXCL1 and CXCL8) in monocytes, consequently
promoting angiogenesis in PDAC tissues. These effects of IL-35
aremediated through the activation of STAT1 and STAT4 phos-
phorylation via the IL12RB2:gp130 receptor, leading to the tran-
scription of CCL5 in PDAC and CXCL1 and CXCL8 in
monocytes [19]. Additionally, Zou et al. revealed that the over-
expression of IL-35 in neutrophils, rather than exogenous IL-35,

stimulated the production of G-CSF and IL-6 by neutrophils,
induced polarization toward the N2 subtype associated with
tumor growth, upregulated MMP-9 and Bv8 expression, down-
regulated TRAIL expression, and bolstered the proendothelial
angiogenic capabilities of neutrophils [78]. In a separate study,
Liu et al. illustrated that IL-35 stimulated the generation of exo-
somes carried IL-35 in breast cancer cells, termed IL-35-sEVs,
which subsequently enhanced HUVEC cell proliferation and
angiogenesis through the activation of the CALM1/Ras/Raf/
MEK/ERK signaling pathway [88].

Previous research has indicated that exogenous IL-35 typi-
cally does not exert direct effects on ECs to stimulate neovas-
cularization but instead elicits its impact through indirect
mechanisms within the tumor microenvironment. Specifically,
IL-35 enhances the proliferation, adhesion, and neovasculari-
zation capabilities of ECs by inducing the secretion of angio-
genic proteins and adhesion molecules by tumor cells,
monocytes, and neutrophils. While the precise role of IL-35
in tumorigenesis and progression remains incompletely under-
stood, its utility as a promising biomarker for cancer prognosis
and therapy warrants further investigation. Evidence suggests
that continuous injection of anti-IL-35 can effectively impede
tumor neovascularization, underscoring its potential clinical
significance [132].

Nevertheless, certain research studies have indicated that
IL-35 may possess the capability to induce apoptosis in tumor
cells. Long et al. conducted in vitro experiments, which dem-
onstrated that the upregulation of IL-35 impeded the prolifer-
ation of diverse human tumor cells, triggered cell cycle arrest in
the G1 phase, and facilitated apoptosis through the upregula-
tion of Fas expression and downregulation of cyclinD1, survi-
vin, andBcl-2 expression [131]. Additionally, a study illustrated
that upregulation of IL-35 in HepG2 cells derived from indivi-
duals with advanced hepatocellular carcinoma resulted in a
notable increase in the expression levels of HLA-ABC and
CD95, suppression of MMP-2 and MMP-9 activity, as well
as a reduction in cell migration, invasion, and colony formation
capabilities [133]. The observed discrepancies in these out-
comes could potentially be attributed to the mode of action
of IL-35, varying stages of tumor progression, and distinct
cellular microenvironments.

3.4.8. Sepsis. Sepsis is a critical medical condition characterized
by a dysregulated immune response to infection, resulting in
organ dysfunction [134]. In sepsis, ECs become activated, lead-
ing to an increase in the expression of various adhesion mole-
cules such as ICAM-1, VCAM-1, E-selectin, P-selectin, and
vWF [135]. While moderate activation of ECs plays a role in
controlling bacterial spread and facilitating the recruitment and
elimination of leukocytes, severe or prolonged alterations in
endothelial phenotype can result in compromised microcircu-
latory blood flow, insufficient tissue perfusion, and ultimately,
organ failure [136, 137]. It is crucial to consider therapeutic
strategies that modulate endothelial innate immune responses
in sepsis patients.

A series of studies have shown that IL-35 can improve
endothelial dysfunction caused by sepsis. Sha et al. discovered
that IL-35 levels are heightened in the serum of sepsis patients.
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Using a sepsis mouse model, they demonstrated that IL-35
suppresses VCAM-1 expression via the IL-12Rβ2:gp130 het-
erodimeric receptor and inhibits the MAPK-AP-1 signaling
pathway [33]. Our research further indicated that IL-35
upregulates its own expression in mouse aortic tissues while
reducing the expression of adhesion molecules VCAM-1 and
ICAM-1, as well as inflammatory factors IL-6 and CXCL15.
IL-35 demonstrated the ability to suppress LPS-induced apo-
ptosis in HUVEC, stimulate their proliferation, and inhibit
EC activation through the inducing p-STAT1:p-STAT4
synthesis [16].

Moreover, lipopolysaccharide not only triggers EC activa-
tion but also initiates endothelial-to-mesenchymal transition
(EndMT) [138, 139], a process in which ECs adopt mesenchy-
mal cell characteristics, resulting in the loss of their original EC
functions. This transition is marked by a reduction in the
expression of EC markers CD31 and E-cadherin and an eleva-
tion in the expression of mesenchymal cell markers α-SMA,
vimentin, and fibronectin [140, 141]. Our study revealed that
IL-35 effectively mitigated the reduced expression of eNOS and
CD31 in the aorta of septic mice, as well as counteracted the
LPS-induced decline in the proliferative ability of HUVEC.
Additionally, IL-35 inhibited ROS production induced by
LPS and suppressed the EndMT by hindering NF-κB phos-
phorylation and its translocation into the nucleus [32]. These
findings indicate that IL-35 shows promise as a therapeutic
target for alleviating sepsis-induced endothelial injury.

3.4.9. RA. RA is a persistent condition that results in dimin-
ished physical function and quality of life, as well as imposes
social burdens, including functional disability and decreased
work capacity. Consequently, the exploration of novel thera-
peutic approaches is imperative [142]. Angiogenesis plays a
pivotal role in the early stages of RA pathogenesis, facilitating
the proliferation of synovial tissue and the development of
vascular abnormalities. In RA, the activation of the angiogenic
switch and subsequent angiogenesis can be further stimulated
by inflammation, immune imbalance, and hypoxia. The resul-
tant vascular system recruits leukocytes, perpetuates immune
imbalance, and exacerbates inflammation [143–145]. Numer-
ous research studies have demonstrated an increase in serum
IL-35 expression among individuals with RA, as well as an
association between IL-35 gene polymorphisms and RA sus-
ceptibility [146, 147]. IL-35 plays a role in modulating the
pathogenesis of RA and is correlated with disease severity
[147]. Its therapeutic effects in alleviating RA symptoms are
attributed to its inhibition of fibroblast-like synoviocyte (FLS)
proliferation, angiogenesis, and bone destruction, primarily
through the promotion of Tregs proliferation and the suppres-
sion of Th17 cells differentiation [146].

IL-35 has been identified as a regulator of angiogenesis in
RA. Lu et al. conducted a series of investigations in this area.
First, they collected RA synovial tissue explants from patients
undergoing RA surgery. Coculturing these explants incubated
with IL-35 and HUVECs effectively inhibits VEGF-induced
HUVEC wound healing, chemotactic migration, cell adhesion,
and tube formation through the Ang2/Tie2 pathway [23].
Additionally, a collagen-induced arthritis (CIA) model was

established in mice, who were subsequently administered daily
injections of 2 µg of rmIL-35 for 10 days starting from day 24 of
successful model construction. Tests conducted 40 days post-
treatment demonstrated that IL-35 suppressed the expression
of VEGF and its receptors Flt-1 and Flk-1, as well as the inflam-
matory factor TNF-α in synovial tissues [24]. Following this, Lu
et al. isolated FLS from mice with CIA and exposed them to
varying concentrations of IL-35. The researchers observed a
dose-dependent inhibition of VEGF, FGF-2, endostatin,
TNF-α, and IL-6 expression in FLS, along with an increase in
endostatin expression. These effects weremediated through the
STAT1 signaling pathway [25]. Houshmandi et al. [26] found
that in the RAmodel rats, rhIL-35 demonstrated no significant
impact on inflammatory lesions and neovascularization at
arthropathic lesions but exhibited a significant inhibitory effect
on inflammatory lesions and neovascularization at lesions with
p35 inhibitors [26]. These findings suggest that endogenous IL-
35 plays a crucial role in stimulating inflammatory proliferation
and angiogenesis at RA lesions. Interestingly, Lu et al. [27]
made an intriguing discovery that treatment of mouse embry-
onic osteoblast precursor cells (MC3T3E1 cells) with 20ng/ml
of TNF-α, simulating the effects of RA on osteoblasts, followed
by treatment with varying concentrations of IL-35, resulted in a
concentration-dependent promotion of MC3T3E1 cell prolif-
eration, upregulation of VEGF and its receptor Flt-1 and Flk-1
expression, and inhibition of apoptosis [27].

The results of the aforementioned studies indicate varia-
tions in the influence of IL-35 on cellular secretion of angio-
genic proteins at RA lesions, potentially attributable to
variances in cell types and experimental models utilized in vitro
or in vivo. Hence, additional research is required to elucidate
the potential therapeutic role of IL-35 in RA.

3.4.10. Osteoporosis and OA. Osteoporosis, themost prevalent
bonemetabolism disorder, is pathologically defined by a reduc-
tion in bone microstructure and density. The condition arises
from an imbalance in the activities of osteoclasts and osteo-
blasts, leading to heightened osteoclastogenesis and elevated
bone resorption [148]. Furthermore, neovascularization
around osteoclasts is a crucial factor in the development of
osteoporosis [149, 150]. A study demonstrated that IL-35 sup-
presses TNF-α-induced osteoclastogenesis and facilitates apo-
ptosis [151]. VEGF and its receptor Flt1-mediated angiogenesis
provide essential nutrients to osteoblasts and osteoclasts,
although excessive VEGF expression can result in heightened
osteoclast activity [152]. Zhang et al. [153] observed that IL-35
inhibits the expression and function of VEGF and Flt-1 in
osteoclasts via the Th17/IL-17 pathway, ultimately promoting
apoptosis in these cells [153].

OA, or degenerative joint disease, is marked by the deteri-
oration of articular cartilage. In a healthy state, articular carti-
lage is a nonvascular tissue reliant on nutrients from synovial
fluid [154]. In OA, cartilage breakdown can prompt neovascu-
larization near the lesion, resulting in the growth of new blood
vessels from the subchondral layer into the cartilage interior.
This process can contribute to arthritis development, attract
inflammatory cells, exacerbate the inflammatory response,
increase vascular permeability, and thereby leading to edema
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[155, 156]. Yang et al. [157] established an in vitromodel of OA
by inducing SW1353 (human chondrosarcoma cells) with IL-
1β and observed that IL-35 suppressed the release of the proan-
giogenic factor Ang2 in SW1353 cells through the P38 MAPK
signaling pathway [157]. Additionally, they discovered that IL-
35 also downregulated the expression of VEGFA and its recep-
tor FLT1, PDGF-BB and its receptor PDGFR-α, and PDGFR-β
in IL-1β-stimulated SW1353 cells via the Th17/IL-17 path-
way [158].

In conditions such as osteoporosis and OA, IL-35 sup-
presses angiogenesis in ECs within the joint microenvironment
predominantly through the inhibition of osteoclasts and chon-
drocytes’ secretion of angiogenic factors.

3.4.11. Transfusion-Associated Acute Lung Injury (TRALI).
TRALI is a significant complication of transfusion character-
ized by acute respiratory distress, hypoxemia, and noncardio-
genic pulmonary edema, typically presenting within 6 h
posttransfusion [159, 160]. Presently, there is a lack of effica-
cious clinical interventions for TRALI. The pathophysiology of
TRALI is mediated by antileukocyte antibodies or biological
responsemodifiers (BRMs) that induce TRALI via activation of
the EC pathway [161].

Qiao et al. discovered that the administration of 100 µg/kg
of recombinant IL-35 via intravenous injection for three con-
secutive days resulted in a notable reduction in the expression
of E-selectin, P-selectin, and ICAM-1 in both lung tissue and
serum, as well as a decrease in serum levels of IL-6, IFN-γ, and
TNF-α in a mouse model of TRALI. This intervention effec-
tively mitigated pulmonary vascular EC activation and inflam-
matory response, leading to a significant alleviation of TRALI-
induced pulmonary edema [162].

4. Conclusion

IL-35, a member of the IL-12 cytokine family, demonstrates
primarily immunosuppressive effects and is upregulated in
response to various acute and chronic stimuli. It is mainly
secreted by Tregs and Bregs. IL-35 plays a regulatory role in
EC functions such as proliferation, apoptosis, inflammatory
response, adhesion, migration, mesenchymal transition, and
angiogenesis through diverse mechanisms. The divergent
impact of IL-35 on EC adhesion and neovascularization in
various diseases may be attributed to factors such as the
method of IL-35 administration, dosage, treatment duration,
and the progression of the specific disease being investigated.
Despite this variability, aberrant expression of IL-35 has been
observed in a range of conditions, including coronary artery
disease, tumors, and autoimmune disorders, suggesting its
potential as a therapeutic target for these ailments. Subsequent
research endeavors should focus on elucidating the precise
mechanisms underlying IL-35’s efficacy in diverse disease states
and investigating its potential for clinical utility.

Data Availability Statement

This is a review article, and no new data were generated or
analyzed during the preparation of this manuscript. All data
referenced in this review were obtained from publicly available

sources or published studies, which are cited in the refer-
ence list.

Conflicts of Interest

The authors declare no conflicts of interest.

Author Contributions

All authors contributed to the study conception and design.
Literature search and data extraction were performed by Kai Li,
Leilei Han, and Meng Li. Kai Li and Jie Feng independently
reviewed the final list of studies for inclusion. The manuscript,
tables, and figures were prepared by Kai Li and Jie Feng. All
authors commented on previous versions of the manuscript.
Yanqing Wu finalized the manuscript, and all authors
approved the final version.

Funding

This work was supported by the National Natural Science
Foundation of China (No. 82160085) and the Science and
Technology Program of Health Commission of Jiangxi Prov-
ince, China (No. 2024ZD007).

References

[1] A. Krüger-Genge, A. Blocki, R. P. Franke, and F. Jung,
“Vascular Endothelial Cell Biology: An Update,” Interna-
tional Journal of Molecular Sciences 20, no. 18 (2019): 4411.

[2] J. S. Pober and R. S. Cotran, “The Role of Endothelial Cells in
Inflammation,” Transplantation 50, no. 4 (1990): 537–544.

[3] J. E. Deanfield, J. P. Halcox, and T. J. Rabelink, “Endothelial
Function and Dysfunction: Testing and Clinical Relevance,”
Circulation 115, no. 10 (2007): 1285–1295.

[4] W. J. Paulus and C. Tschöpe, “A Novel Paradigm for Heart
Failure with Preserved Ejection Fraction: Comorbidities Drive
Myocardial Dysfunction and Remodeling Through Coronary
Microvascular Endothelial Inflammation,” Journal of the
American College of Cardiology 62, no. 4 (2013): 263–271.

[5] H. Fu, Y. Sun, Y. Shao, et al., “Interleukin 35 Delays
Hindlimb Ischemia-Induced Angiogenesis Through Regulat-
ing ROS-Extracellular Matrix but Spares Later Regenerative
Angiogenesis,” Frontiers in Immunology 11 (2020): 595813.

[6] N. Wan, W. Rong, W. Zhu, et al., “Tregs-Derived Interleukin
35 Attenuates Endothelial Proliferation Through STAT1 in
Pulmonary Hypertension,” Annals of Translational Medicine
9, no. 11 (2021): 926–926.

[7] X. Wang, Z. Jia, X. Zhou, et al., “Nanoplastic-Induced
Vascular Endothelial Injury and Coagulation Dysfunction in
Mice,” Science of the Total Environment 865 (2023): 161271.

[8] C. Huang, N. Li, Z. Li, et al., “Tumour-Derived Interleukin 35
Promotes Pancreatic Ductal Adenocarcinoma Cell Extrava-
sation and Metastasis by Inducing ICAM1 Expression,”
Nature Communications 8, no. 1 (2017): 14035.

[9] X. Liu, R. Zhang, J. Hou, et al., “Interleukin-35 Promotes
Early Endothelialization after Stent Implantation by
Regulating Macrophage Activation,” Clinical Science 133,
no. 7 (2019): 869–884.

[10] Z. Zhou, A. Collado, C. Sun, et al., “Downregulation of
Erythrocyte miR-210 Induces Endothelial Dysfunction in
Type 2 Diabetes,” Diabetes 71, no. 2 (2022): 285–297.

12 Mediators of Inflammation



[11] H. Huang, X. Liu, D. Chen, et al., “Melatonin Prevents
Endothelial Dysfunction in SLE by Activating the Nuclear
Receptor Retinoic Acid-Related Orphan Receptor-α, Inter-
national Immunopharmacology 83 (2020): 106365.

[12] D. Zhang, C. Xu, J. Zhang, et al., “Plasma TNFRSF11B as a
New Predictive Inflammatory Marker of Sepsis-ARDS With
Endothelial Dysfunction,” Journal of Proteome Research 22,
no. 11 (2023): 3640–3651.

[13] S. Dalaklioglu, A. Tasatargil, S. Kale, G. Tanriover, S. Dilmac,
and N. Erin, “Metastatic Breast Carcinoma Induces Vascular
Endothelial Dysfunction in Balb-c Mice: Role of the Tumor
Necrosis Factor-α and NADPH Oxidase,” Vascular Pharma-
cology 59, no. 3-4 (2013): 103–111.

[14] L. W. Collison, C. J. Workman, T. T. Kuo, et al., “The
Inhibitory Cytokine IL-35 Contributes to Regulatory T-Cell
Function,” Nature 450, no. 7169 (2007): 566–569.

[15] P. Shen, T. Roch, V. Lampropoulou, et al., “IL-35-Producing B
Cells Are Critical Regulators of Immunity During Autoim-
mune and Infectious Diseases,” Nature 507, no. 7492 (2014):
366–370.

[16] M. Li, Y. Liu, Y. Fu, et al., “Interleukin-35 Inhibits
Lipopolysaccharide-Induced Endothelial Cell Activation by
Downregulating Inflammation and Apoptosis,” Experimental
Cell Research 407, no. 2 (2021): 112784.

[17] X. Li, P. Fang, Y. Sun, et al., “Anti-Inflammatory Cytokines IL-
35 and IL-10 Block Atherogenic Lysophosphatidylcholine-
Induced, Mitochondrial ROS-Mediated Innate Immune
Activation, but Spare Innate Immune Memory Signature in
Endothelial Cells,” Redox Biology 28 (2020): 101373.

[18] X. Li, Y. Shao, X. Sha, et al., “IL-35 (Interleukin-35) Suppresses
Endothelial Cell Activation by Inhibiting Mitochondrial
Reactive Oxygen Species-Mediated Site-Specific Acetylation
of H3K14 (Histone 3 Lysine 14),”Arteriosclerosis, Thrombosis,
and Vascular Biology 38, no. 3 (2018): 599–609.

[19] C. Huang, Z. Li, N. Li, et al., “Interleukin 35 Expression
Correlates With Microvessel Density in Pancreatic Ductal
Adenocarcinoma, Recruits Monocytes, and Promotes
Growth and Angiogenesis of Xenograft Tumors in Mice,”
Gastroenterology 154, no. 3 (2018): 675–688.

[20] M. Li, L. Qian, J. Yu, and Y. Zou, “Interleukin-35 Inhibits
Human Umbilical Vein Endothelial Cell Injury Induced by
Sera From Pre-Eclampsia Patients by Up-Regulating S100A8
Protein Expression,” Hypertension in Pregnancy 39, no. 2
(2020): 126–138.

[21] L. Qian, M. Li, X. Lin, H. Teng, L. Yu, andM. Jiang, “Interleukin-
35 Attenuates Blood-Brain Barrier Dysfunction Caused by
Cerebral Ischemia-Reperfusion Injury Through Inhibiting Brain
Endothelial Cell Injury,” Annals of Translational Medicine 10,
no. 14 (2022): 776–776.

[22] G. Liu, M. Li, S. Qian, L. Yu, L. Qian, and X. Feng,
“Interleukin-35 Exhibits Protective Effects in a Rat Model of
Hypoxic-Ischemic Encephalopathy Through the Inhibition
of Microglia-Mediated Inflammation,” Translational Pediat-
rics 11, no. 5 (2022): 651–662.

[23] S. Jiang, Y. Li, T. Lin, et al., “IL-35 Inhibits Angiogenesis
Through VEGF/Ang2/Tie2 Pathway in Rheumatoid Arthri-
tis,” Cellular Physiology and Biochemistry 40, no. 5 (2016):
1105–1116.

[24] S. Wu, Y. Li, Y. Li, et al., “Interleukin-35 Attenuates
Collagen-Induced Arthritis Through Suppression of Vascular
Endothelial Growth Factor and Its Receptors,” International
Immunopharmacology 34 (2016): 71–77.

[25] S. Wu, Y. Li, L. Yao, et al., “Interleukin-35 Inhibits
Angiogenesis Through STAT1 Signalling in Rheumatoid
Synoviocytes,” Clinical and Experimental Rheumatology 36,
no. 2 (2018): 223–227.

[26] N. Houshmandi, H. Najafipour, S. Joukar, et al., “The Effect
of Interleukins 27 and 35 and Their Role on Mediating the
Action of Insulin Like Growth Factor -1 on the Inflammation
and Blood Flow of Chronically Inflamed Rat Knee Joint,”
Cytokine 81 (2016): 117–126.

[27] S. Liu, Y. Li, L. Xia, H. Shen, and J. Lu, “IL-35 Prevent Bone
Loss Through Promotion of Bone Formation and Angiogene-
sis in Rheumatoid Arthritis,” Clinical and Experimental
Rheumatology 37, no. 5 (2019): 820–825.

[28] Y. T. Ong, J. Andrade, M. Armbruster, et al., “A YAP/TAZ-
TEAD Signalling Module Links Endothelial Nutrient
Acquisition to Angiogenic Growth,” Nature Metabolism 4,
no. 6 (2022): 672–682.

[29] J. G. Filep, “Two to Tango: Endothelial Cell TMEM16
Scramblases Drive Coagulation and Thrombosis,” Journal of
Clinical Investigation 133, no. 11 (2023).

[30] C. Wilson, M. D. Lee, C. Buckley, X. Zhang, and
J. G. McCarron, “Mitochondrial ATP Production Is
Required for Endothelial Cell Control of Vascular Tone,”
Function 4, no. 2 (2023): zqac063.

[31] J. Chen, L. Lippo, R. Labella, et al., “Decreased Blood Vessel
Density and Endothelial Cell Subset Dynamics During
Ageing of the Endocrine System,” The EMBO Journal 40,
no. 1 (2021).

[32] J. Feng, K. Li, F. Xie, L. Han, and Y. Wu, “IL-35 Ameliorates
Lipopolysaccharide-Induced Endothelial Dysfunction by
Inhibiting Endothelial-to-Mesenchymal Transition,” Inter-
national Immunopharmacology 129 (2024): 111567.

[33] X. Sha, S. Meng, X. Li, et al., “Interleukin-35 Inhibits
Endothelial Cell Activation by Suppressing MAPK-AP-1
Pathway,” Journal of Biological Chemistry 290, no. 31 (2015):
19307–19318.

[34] K. Drzewiecki, J. Choi, J. Brancale, et al., “GIMAP5Maintains
Liver Endothelial Cell Homeostasis and Prevents Portal
Hypertension,” Journal of Experimental Medicine 218, no. 7
(2021).

[35] B. Brix, J. R. Mesters, L. Pellerin, and O. Johren, “Endothelial
Cell-Derived Nitric Oxide Enhances Aerobic Glycolysis in
Astrocytes via HIF-1α-Mediated Target Gene Activation,”
Journal of Neuroscience 32, no. 28 (2012): 9727–9735.

[36] X. Zhang, S. Chen, and Y. Wang, “Honokiol Up-Regulates
Prostacyclin Synthease Protein Expression and Inhibits
Endothelial Cell Apoptosis,” European Journal of Pharma-
cology 554, no. 1 (2007): 1–7.

[37] D. W. Anggrahini, N. Emoto, K. Nakayama, et al., “Vascular
Endothelial Cell-Derived Endothelin-1 Mediates Vascular
Inflammation and Neointima Formation Following Blood Flow
Cessation,” Cardiovascular Research 82, no. 1 (2009): 143–151.

[38] R. Bonfanti, B. C. Furie, B. Furie, and D. D. Wagner,
“PADGEM (GMP140) Is a Component of Weibel-Palade
Bodies of Human Endothelial Cells,” Blood 73, no. 5 (1989):
1109–1112.

[39] P. Saiki, M. Yoshihara, Y. Kawano, H. Miyazaki, and
K. Miyazaki, “Anti-Inflammatory Effects of Heliangin From
Jerusalem Artichoke (Helianthus tuberosus) Leaves Might
Prevent Atherosclerosis,” Biomolecules 12, no. 1 (2022): 91.

[40] X. Zhou, C. Zhang, S. Yang, et al., “Macrophage-Derived
MMP12 Promotes Fibrosis Through Sustained Damage to

Mediators of Inflammation 13



Endothelial Cells,” Journal of Hazardous Materials 461
(2024): 132733.

[41] W. Wei, S. Mu, Y. Han, et al., “Gpr174 Knockout Alleviates
DSS-Induced Colitis via Regulating the Immune Function of
Dendritic Cells,” Frontiers in Immunology 13 (2022): 841254.

[42] Y. Liu, C. Tong, P. Cong, et al., “Proteomic Analysis Revealed the
Characteristics of Key Proteins Involved in the Regulation of
Inflammatory Response, Leukocyte Transendothelial Migration,
Phagocytosis, and Immune Process During Early Lung Blast
Injury,” Oxidative Medicine and Cellular Longevity 2021, no. 1
(2021): 8899274, 10.

[43] L. He, M. P. Valignat, L. Zhang, et al., “ARHGAP45 Controls
Naïve T- and B-Cell Entry Into Lymph Nodes and T-Cell
Progenitor Thymus Seeding,” EMBO Reports 22, no. 4
(2021): e52196.

[44] S. A. Sonar, S. Shaikh, N. Joshi, A. N. Atre, and G. Lal, “IFN-
γ Promotes Transendothelial Migration of CD4(+) T Cells
Across the Blood-Brain Barrier,” Immunology & Cell Biology
95, no. 9 (2017): 843–853.

[45] S. Prakash, N. Kumbhojkar, A. Lu, et al., “Polymer
Micropatches as Natural Killer Cell Engagers for Tumor
Therapy,” ACS Nano 17, no. 16 (2023): 15918–15930.

[46] O. Devergne, M. Birkenbach, and E. Kieff, “Epstein-Barr
Virus-Induced Gene 3 and the p35 Subunit of Interleukin 12
Form a Novel Heterodimeric Hematopoietin,” Proceedings of
the National Academy of Sciences 94, no. 22 (1997): 12041–
12046.

[47] J. Feng and Y. Wu, “Interleukin-35 Ameliorates Cardiovas-
cular Disease by Suppressing Inflammatory Responses and
Regulating Immune Homeostasis,” International Immuno-
pharmacology 110 (2022): 108938.

[48] X. Wang, Y. Wei, H. Xiao, et al., “ANovel IL-23p19/Ebi3 (IL-
39) Cytokine Mediates Inflammation in Lupus-Like Mice,”
European Journal of Immunology 46, no. 6 (2016): 1343–
1350.

[49] D. A. A. Vignali and V. K. Kuchroo, “IL-12 Family
Cytokines: Immunological Playmakers,” Nature Immunology
13, no. 8 (2012): 722–728.

[50] B. Verstockt, A. Salas, B. E. Sands, et al., “IL-12 and IL-23
Pathway Inhibition in Inflammatory Bowel Disease,” Nature
Reviews Gastroenterology & Hepatology 20, no. 7 (2023):
433–446.

[51] L. W. Collison, G. M. Delgoffe, C. S. Guy, et al., “The
Composition and Signaling of the IL-35 Receptor Are
Unconventional,”Nature Immunology 13, no. 3 (2012): 290–299.

[52] E. Bardel, F. Larousserie, P. Charlot-Rabiega, A. Coulomb-
L’Herminé, and O. Devergne, “Human CD4+ CD25+ Foxp3
+ Regulatory T Cells Do Not Constitutively Express IL-35,”
Journal of Immunology 181, no. 10 (2008): 6898–6905.

[53] J. J. Bright and S. Sriram, “TGF-Beta Inhibits IL-12-Induced
Activation of Jak-STAT Pathway in T Lymphocytes,” Journal
of Immunology 161, no. 4 (1998): 1772–1777.

[54] H. Xu, Y. Zhang, Y. Hua, T. Chen, H. Wang, andW.Wu, “IL-
12 p35 Silenced Dendritic Cells Modulate Immune Responses
by Blocking IL-12 Signaling Through JAK-STAT Pathway in
T Lymphocytes,” Biochemical and Biophysical Research
Communications 353, no. 3 (2007): 812–816.

[55] G. Muthian, H. P. Raikwar, C. Johnson, et al., “COX-2
Inhibitors Modulate IL-12 Signaling Through JAK-STAT
Pathway Leading to Th1 Response in Experimental Allergic
Encephalomyelitis,” Journal of Clinical Immunology 26, no. 1
(2006): 73–85.

[56] V. Athie-Morales, H. H. Smits, D. A. Cantrell, and
C. M. Hilkens, “Sustained IL-12 Signaling Is Required for
Th1 Development,” The Journal of Immunology 172, no. 1
(2004): 61–69.

[57] S. Aggarwal, N. Ghilardi, M.-H. Xie, F. J. de Sauvage, and
A. L. Gurney, “Interleukin-23 Promotes a Distinct CD4 T
Cell Activation State Characterized by the Production of
Interleukin-17,” Journal of Biological Chemistry 278, no. 3
(2003): 1910–1914.

[58] B. Oppmann, R. Lesley, B. Blom, et al., “Novel p19 Protein
Engages IL-12p40 to Form a Cytokine, IL-23, With Biological
Activities Similar as Well as Distinct From IL-12,” Immunity
13, no. 5 (2000): 715–725.

[59] S. Pflanz, J. C. Timans, J. Cheung, et al., “IL-27, a
Heterodimeric Cytokine Composed of EBI3 and p28 Protein,
Induces Proliferation of Naive CD4+ T Cells,” Immunity 16,
no. 6 (2002): 779–790.

[60] A. V. Villarino, J. S. Stumhofer, C. J. Saris, R. A. Kastelein,
F. J. de Sauvage, and C. A. Hunter, “IL-27 Limits IL-2
Production During Th1 Differentiation,” The Journal of
Immunology 176, no. 1 (2006): 237–247.

[61] C. Diveu, M. J. McGeachy, K. Boniface, et al., “IL-27 Blocks
RORc Expression to Inhibit Lineage Commitment of Th17
Cells,” The Journal of Immunology 182, no. 9 (2009): 5748–
5756.

[62] A. Awasthi, Y. Carrier, J. P. Peron, et al., “A Dominant
Function for Interleukin 27 in Generating Interleukin 10-
Producing Anti-Inflammatory T Cells,” Nature Immunology
8, no. 12 (2007): 1380–1389.

[63] D. V. Sawant, K. Hamilton, and D. A. A. Vignali, “Interleu-
kin-35: Expanding Its Job Profile,” Journal of Interferon &
Cytokine Research 35, no. 7 (2015): 499–512.

[64] M. Reza Lahimchi, M. Eslami, and B. Yousefi, “Interleukin-35
and Interleukin-37 Anti-Inflammatory Effect on Inflamma-
tory Bowel Disease: Application of Non-Coding RNAs in
IBD Therapy,” International Immunopharmacology 117
(2023): 109932.

[65] D. Bahadorian, T. A. Faraj, R. K. Kheder, et al., “A Glance on
the Role of IL-35 in Systemic Lupus Erythematosus (SLE),”
Cytokine 176 (2024): 156501.

[66] L. Hu, C. Chen, J. Zhang, et al., “IL-35 Pretreatment
Alleviates Lipopolysaccharide-Induced Acute Kidney Injury
in Mice by Inhibiting NF-κB Activation,” Inflammation 40,
no. 4 (2017): 1393–1400.

[67] X. Shao, J. Ma, S. Jia, L. Yang, W. Wang, and Z. Jin,
“Interleukin-35 Suppresses Antiviral Immune Response in
Chronic Hepatitis B Virus Infection,” Frontiers in Cellular
and Infection Microbiology 7 (2017): 472.

[68] L. Wang, S. Zhu, G. Xu, et al., “Gene Expression and Antiviral
Activity of Interleukin-35 in Response to Influenza A Virus
Infection,” Journal of Biological Chemistry 291, no. 32 (2016):
16863–16876.

[69] L. W. Collison, V. Chaturvedi, A. L. Henderson, et al., “IL-35-
Mediated Induction of a Potent Regulatory T Cell Population,”
Nature Immunology 11, no. 12 (2010): 1093–1101.

[70] Y. Ma, L. Chen, G. Xie, et al., “Elevated Level of Interleukin-
35 in Colorectal Cancer Induces Conversion of T Cells into
iTr35 by Activating STAT1/STAT3,” Oncotarget 7, no. 45
(2016): 73003–73015.

[71] Y. Liu, Y. Wu, Y. Wang, et al., “IL-35 Mitigates Murine Acute
Graft-Versus-Host Disease With Retention of Graft-Versus-
Leukemia Effects,” Leukemia 29, no. 4 (2015): 939–946.

14 Mediators of Inflammation



[72] M. Asad, A. Sabur, M. Kamran, M. Shadab, S. Das, and
N. Ali, “Effector Functions of Th17 Cells are Regulated by IL-
35 and TGF-β in Visceral Leishmaniasis,” The FASEB Journal
35, no. 9 (2021): e21755.

[73] J. Liu, B. Su, P. Tao, et al., “Interplay of IL-33 and IL-35
Modulates Th2/Th17 Responses in Cigarette Smoke
Exposure HDM-Induced Asthma,” Inflammation 47, no. 1
(2024): 173–190.

[74] W. Wang, C. Wei, Z. Cheng, and J. Yang, “Aberrant Th2
ImmuneResponses are AssociatedWith a Reduced Frequency of
IL-35-Induced Regulatory T Cells After Allergen Exposure in
PatientsWith Allergic Asthma,” Allergy, Asthma& Immunology
Research 12, no. 6 (2020): 1029–1045.

[75] L. Yang, X. Shao, S. Jia, Q. Zhang, and Z. Jin, “Interleukin-35
Dampens CD8(+) T Cells Activity in Patients With Non-
Viral Hepatitis-Related Hepatocellular Carcinoma,” Frontiers
in Immunology 10 (2019): 1032.

[76] L. Yang, S. Liu, Q. Zhang, S. Jia, C. Qiu, and Z. Jin,
“Overexpression of Ascitic Interleukin-35 Induces CD8(+) T
Cell Exhaustion in Liver Cirrhotic Patients With Spontane-
ous Bacterial Peritonitis,” International Immunopharmacol-
ogy 108 (2022): 108729.

[77] W. Skowron, K. Zemanek, K. Wojdan, et al., “The Effect of
Interleukin-35 on the Integrity, ICAM-1 Expression and
Apoptosis of Human Aortic Smooth Muscle Cells,”
Pharmacological Reports 67, no. 2 (2015): 376–381.

[78] J. M. Zou, J. Qin, Y. C. Li, et al., “IL-35 Induces N2
Phenotype of Neutrophils to Promote Tumor Growth,”
Oncotarget 8, no. 20 (2017): 33501–33514.

[79] M. Yokota, M. Suzuki, Y. Nakamura, S. Ozaki, and
S. Murakami, “Cytokine Modulation by IL-35 in Mice
With Allergic Rhinitis,” American Journal of Rhinology &
Allergy 29, no. 4 (2015): 251–256.

[80] L. L. Jones, V. Chaturvedi, C. Uyttenhove, J. Van Snick, and
D. A. A. Vignali, “Distinct Subunit Pairing Criteria Within
the Heterodimeric IL-12 Cytokine Family,” Molecular
Immunology 51, no. 2 (2012): 234–244.

[81] X. Li, P. Fang, W. Y. Yang, H. Wang, and X. Yang, “IL-35, as
a Newly Proposed Homeostasis-Associated Molecular
Pattern, Plays Three Major Functions Including Anti-
Inflammatory Initiator, Effector, and Blocker in Cardiovas-
cular Diseases,” Cytokine 122 (2019): 154076.

[82] G. M. Delgoffe, P. J. Murray, and D. A. A. Vignali, “Inter-
preting Mixed Signals: The Cell’s Cytokine Conundrum,”
Current Opinion in Immunology 23, no. 5 (2011): 632–638.

[83] M. Filková, Z. Vernerová, H. Hulejová, et al., “Pro-
Inflammatory Effects of Interleukin-35 in Rheumatoid
Arthritis,” Cytokine 73, no. 1 (2015): 36–43.

[84] S. Chehboun, J. Labrecque-Carbonneau, S. Pasquin, et al.,
“Epstein-Barr Virus-Induced Gene 3 (EBI3) Can Mediate IL-
6 Trans-Signaling,” Journal of Biological Chemistry 292,
no. 16 (2017): 6644–6656.

[85] Z. Wang, J. Q. Liu, Z. Liu, et al., “Tumor-Derived IL-35
Promotes Tumor Growth by Enhancing Myeloid Cell
Accumulation and Angiogenesis,” The Journal of Immunol-
ogy 190, no. 5 (2013): 2415–2423.

[86] J. Zhu, Y. Wang, D. Li, H. Zhang, Z. Guo, and X. Yang,
“Interleukin-35 Promotes Progression of Prostate Cancer
and Inhibits Anti-Tumour Immunity,” Cancer Cell Interna-
tional 20, no. 1 (2020): 487.

[87] X. Li, N. Niu, J. Sun, Y. Mou, X. He, and L. Mei, “IL35
Predicts Prognosis in Gastric Cancer and Is Associated With

Angiogenesis by Altering TIMP1, PAI1 and IGFBP1,” FEBS
Open Bio 10, no. 12 (2020): 2687–2701.

[88] J. Liu, N. Dong, N. Li, et al., “IL-35 Enhances Angiogenic
Effects of Small Extracellular Vesicles in Breast Cancer,” The
FEBS Journal 289, no. 12 (2022): 3489–3504.

[89] M. Orecchioni, K. Kobiyama, H. Winkels, et al., “Olfactory
Receptor 2 in Vascular Macrophages Drives Atherosclerosis
by NLRP3-Dependent IL-1 Production,” Science 375,
no. 6577 (2022): 214–221.

[90] Y. Li, L. Zhang, P. Ren, et al., “Qing-Xue-Xiao-Zhi Formula
Attenuates Atherosclerosis by Inhibiting Macrophage Lipid
Accumulation and Inflammatory Response via TLR4/MyD88/
NF-κB Pathway Regulation,” Phytomedicine 93 (2021):
153812.

[91] P. Libby, “The Changing Landscape of Atherosclerosis,”
Nature 592, no. 7855 (2021): 524–533.

[92] E. Falk, “Pathogenesis of Atherosclerosis,” Journal of the
American College of Cardiology 47, no. 8 (2006): C7–12.

[93] D. J. Medina-Leyte, O. Zepeda-García, M. Domínguez-Pérez,
A. González-Garrido, T. Villarreal-Molina, and L. Jacobo-
Albavera, “Endothelial Dysfunction, Inflammation and
Coronary Artery Disease: Potential Biomarkers and Promis-
ing Therapeutical Approaches,” International Journal of
Molecular Sciences 22, no. 8 (2021): 3850.

[94] L. Shi, Y. Li, X. Xu, et al., “Brown Adipose Tissue-Derived
Nrg4 Alleviates Endothelial Inflammation and Atherosclero-
sis in Male Mice,” Nature Metabolism 4, no. 11 (2022): 1573–
1590.

[95] Y. Shao, W. Y. Yang, F. Saaoud, et al., “IL-35 Promotes CD4
+Foxp3+ Tregs and Inhibits Atherosclerosis via Maintaining
CCR5-Amplified Treg-Suppressive Mechanisms,” JCI Insight
6, no. 19 (2021).

[96] S. Bhansali, A. K. Yadav, C. Bakshi, and V. Dhawan,
“Interleukin-35 Mitigates Ox-LDL-Induced Proatherogenic
Effects via Modulating miRNAs Associated With Coronary
Artery Disease (CAD),” Cardiovascular Drugs and Therapy
37, no. 4 (2023): 667–682.

[97] D. Vestweber, “How Leukocytes Cross the Vascular Endothe-
lium,” Nature Reviews Immunology 15, no. 11 (2015): 692–704.

[98] N. Kume, M. I. Cybulsky, and M. A. Gimbrone Jr, “Lysopho-
sphatidylcholine, a Component of Atherogenic Lipoproteins,
Induces Mononuclear Leukocyte Adhesion Molecules in
Cultured Human and Rabbit Arterial Endothelial Cells,” Journal
of Clinical Investigation 90, no. 3 (1992): 1138–1144.

[99] X. Li, P. Fang, Y. Li, et al., “Mitochondrial Reactive Oxygen
Species Mediate Lysophosphatidylcholine-Induced Endothe-
lial Cell Activation,” Arteriosclerosis, Thrombosis, and
Vascular Biology 36, no. 6 (2016): 1090–1100.

[100] Y. Lu, Y. Sun, C. Drummer, et al., “Increased Acetylation of
H3K14 in the Genomic Regions that Encode Trained
Immunity Enzymes in Lysophosphatidylcholine-Activated
Human Aortic Endothelial Cells - Novel Qualification
Markers for Chronic Disease Risk Factors and Conditional
DAMPs,” Redox Biology 24 (2019): 101221.

[101] W. Liu, J. Huang, S. He, et al., “Senescent Endothelial Cells’
Response to the Degradation of Bioresorbable Scaffold
Induces Intimal Dysfunction Accelerating in-Stent Resteno-
sis,” Acta Biomaterialia 166 (2023): 266–277.

[102] F. Otsuka, A. V. Finn, S. K. Yazdani, M. Nakano,
F. D. Kolodgie, and R. Virmani, “The Importance of the
Endothelium in Atherothrombosis and Coronary Stenting,”
Nature Reviews Cardiology 9, no. 8 (2012): 439–453.

Mediators of Inflammation 15



[103] J. Yin, C. Zhao, J. Huang, et al., “Diabetic Conditions
Promote Drug Coating Degradation but Prevent Endothelial
Coverage After Stenting,” Acta Biomaterialia 177 (2024):
189–202.

[104] T. Miyake, S. Ihara, T. Miyake, et al., “Prevention of
Neointimal Formation After Angioplasty Using Nuclear
Factor-κB Decoy Oligodeoxynucleotide-Coated Balloon
Catheter in Rabbit Model,” Circulation: Cardiovascular
Interventions 7, no. 6 (2014): 787–796.

[105] D. Li, N. Y. Shao, J. R. Moonen, et al., “ALDH1A3
Coordinates Metabolism With Gene Regulation in Pulmo-
nary Arterial Hypertension,” Circulation 143, no. 21 (2021):
2074–2090.

[106] R. Tamosiuniene, W. Tian, G. Dhillon, et al., “Regulatory T
Cells Limit Vascular Endothelial Injury and Prevent
Pulmonary Hypertension,” Circulation Research 109, no. 8
(2011): 867–879.

[107] J. Rodor, S. H. Chen, J. P. Scanlon, et al., “Single-Cell RNA
Sequencing Profiling of Mouse Endothelial Cells in Response
to Pulmonary Arterial Hypertension,” Cardiovascular
Research 118, no. 11 (2022): 2519–2534.

[108] E. A. Phipps, R. Thadhani, T. Benzing, and S. A. Karumanchi,
“Pre-Eclampsia: Pathogenesis, Novel Diagnostics and Thera-
pies,” Nature Reviews Nephrology 15, no. 5 (2019): 275–289.

[109] S. M. McCann Haworth, Z. Zhuge, C. Nihlén, et al., “Red
Blood Cells from Patients With Pre-Eclampsia Induce
Endothelial Dysfunction,” Journal of Hypertension 39, no. 8
(2021): 1628–1641.

[110] A. Szpera-Gozdziewicz and G. H. Breborowicz, “Endothelial
Dysfunction in the Pathogenesis of Pre-Eclampsia,” Frontiers
in Bioscience 19, no. 5 (2014): 734–746.

[111] B. Varghese, C. A. Joy, J. V. N. Josyula, et al., “Machine
Learning-Based Protein Signatures for Differentiating Hyper-
tensive Disorders of Pregnancy,” Hypertension Research 46,
no. 11 (2023): 2513–2526.

[112] R. Villalobos-Labra, R. Liu, F. Spaans, et al., “Placenta-
Derived Extracellular Vesicles From Preeclamptic Pregnan-
cies Impair Vascular Endothelial Function via Lectin-Like
Oxidized LDL Receptor-1,” Hypertension 80, no. 10 (2023):
2226–2238.

[113] K.-M. Guo, W. Li, Z.-H. Wang, L.-C. He, Y. Feng, and H.-
S. Liu, “Low-Dose Aspirin Inhibits Trophoblast Cell
Apoptosis by Activating the CREB/Bcl-2 Pathway in Pre-
Eclampsia,” Cell Cycle 21, no. 21 (2022): 2223–2238.

[114] H. Zhang, Y. He, J. X. Wang, et al., “MiR-30-5p-Mediated
Ferroptosis of Trophoblasts Is Implicated in the Pathogenesis
of Preeclampsia,” Redox Biology 29 (2020): 101402.

[115] Y. Sun, Y. Lu, C. G. Engeland, S. C. Gordon, and
H. Y. Sroussi, “The Anti-Oxidative, Anti-Inflammatory,
and Protective Effect of S100A8 in Endotoxemic Mice,”
Molecular Immunology 53, no. 4 (2013): 443–449.

[116] S. K. Feske, “Ischemic Stroke,” The American Journal of
Medicine 134, no. 12 (2021): 1457–1464.

[117] M. Franke, M. Bieber, P. Kraft, A. N. R. Weber, G. Stoll, and
M. K. Schuhmann, “The NLRP3 Inflammasome Drives
Inflammation in Ischemia/Reperfusion Injury After Tran-
sient Middle Cerebral Artery Occlusion in Mice,” Brain
Behavior and Immunity 92 (2021): 221–233.

[118] S. Gong, G. Cao, F. Li, et al., “Endothelial Conditional
Knockdown of NMMHC IIA (Nonmuscle Myosin Heavy
Chain IIA) Attenuates Blood-Brain Barrier Damage During
Ischemia-Reperfusion Injury,” Stroke 52, no. 3 (2021): 1053–
1064.

[119] G. Wassink, J. O. Davidson, S. K. Dhillon, et al., “Therapeu-
tic Hypothermia in Neonatal Hypoxic-Ischemic Encepha-
lopathy,” Current Neurology and Neuroscience Reports 19,
no. 1 (2019): 2.

[120] C. Yao, Y. Cao, D. Wang, et al., “Single-Cell Sequencing
Reveals Microglia Induced Angiogenesis by Specific Subsets
of Endothelial Cells Following Spinal Cord Injury,” The
FASEB Journal 36, no. 7 (2022): e22393.

[121] G. R. Shamaki, F. Markson, D. Soji-Ayoade, C. C. Agwuegbo,
M. O. Bamgbose, and B. M. Tamunoinemi, “Peripheral
Artery Disease: A Comprehensive Updated Review,” Current
Problems in Cardiology 47, no. 11 (2022): 101082.

[122] M. You, Y. Liu, B. Wang, et al., “Asprosin Induces Vascular
Endothelial-to-Mesenchymal Transition in Diabetic Lower
Extremity Peripheral Artery Disease,” Cardiovascular
Diabetology 21, no. 1 (2022): 25.

[123] V. Aboyans, J. B. Ricco, M. E. L. Bartelink, et al., “ESC
Guidelines on the Diagnosis and Treatment of Peripheral
Arterial Diseases, in Collaboration with the European Society
for Vascular Surgery (ESVS): Document Covering Athero-
sclerotic Disease of Extracranial Carotid and Vertebral,
Mesenteric, Renal, Upper and Lower Extremity arteriesEn-
dorsed by: The European Stroke Organization (ESO)the Task
Force for the Diagnosis and Treatment of Peripheral Arterial
Diseases of the European Society of Cardiology (ESC) and of
the European Society for Vascular Surgery (ESVS),”
European Heart Journal 39, no. 9 (2018): 763–816, 2018.

[124] R. A. Brenes, C. C. Jadlowiec, M. Bear, et al., “Toward a
Mouse Model of Hind Limb Ischemia to Test Therapeutic
Angiogenesis,” Journal of Vascular Surgery 56, no. 6 (2012):
1669–1679.

[125] M. B. Schaaf, D. Houbaert, O. Meçe, and P. Agostinis,
“Autophagy in Endothelial Cells and Tumor Angiogenesis,”
Cell Death & Differentiation 26, no. 4 (2019): 665–679.

[126] M. Van de Velde, M. Ebroin, T. Durré, et al., “Tumor
Exposed-Lymphatic Endothelial Cells Promote Primary
Tumor Growth via IL6,” Cancer Letters 497 (2021): 154–
164.

[127] H. Lv, Q. Zong, C. Chen, et al., “TET2-Mediated Tumor
cGAS Triggers Endothelial STING Activation to Regulate
Vasculature Remodeling and Anti-Tumor Immunity in Liver
Cancer,” Nature Communications 15, no. 1 (2024): 6.

[128] H. Harjunpää, M. Llort Asens, C. Guenther, and
S. C. Fagerholm, “Cell Adhesion Molecules and Their Roles
and Regulation in the Immune and Tumor Microenviron-
ment,” Frontiers in Immunology 10 (2019): 1078.

[129] D. V. Sawant, H. Yano, M. Chikina, et al., “Adaptive
Plasticity of IL-10(+) and IL-35(+) T(reg) Cells Coopera-
tively Promotes Tumor T Cell Exhaustion,” Nature
Immunology 20, no. 6 (2019): 724–735.

[130] M. E. Turnis, D. V. Sawant, A. L. Szymczak-Workman, et al.,
“Interleukin-35 Limits Anti-Tumor Immunity,” Immunity
44, no. 2 (2016): 316–329.

[131] J. Long, X. Zhang, M. Wen, et al., “IL-35 over-Expression
Increases Apoptosis Sensitivity and Suppresses Cell Growth
in Human Cancer Cells,” Biochemical and Biophysical
Research Communications 430, no. 1 (2013): 364–369.

[132] K. L. Liao, X. F. Bai, and A. Friedman, “Mathematical
Modeling of Interleukin-35 Promoting Tumor Growth and
Angiogenesis,” PLoS One 9, no. 10 (2014): e110126.

[133] J. Long, H. Guo, S. Cui, et al., “IL-35 Expression in
Hepatocellular Carcinoma Cells Is Associated With Tumor
Progression,” Oncotarget 7, no. 29 (2016): 45678–45686.

16 Mediators of Inflammation



[134] M. Singer, C. S. Deutschman, C. W. Seymour, et al., “The
Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3),” JAMA 315, no. 8 (2016): 801–810.

[135] B. Amalakuhan, S. A. Habib, M. Mangat, et al., “Endothelial
Adhesion Molecules and Multiple Organ Failure in Patients
With Severe Sepsis,” Cytokine 88 (2016): 267–273.

[136] J. Joffre, J. Hellman, C. Ince, and H. Ait-Oufella, “Endothelial
Responses in Sepsis,” American Journal of Respiratory and
Critical Care Medicine 202, no. 3 (2020): 361–370.

[137] E. P. van Poelgeest, M. R. Dillingh, M. de Kam, et al.,
“Characterization of Immune Cell, Endothelial, and Renal
Responses Upon Experimental Human Endotoxemia,”
Journal of Pharmacological and Toxicological Methods 89
(2018): 39–46.

[138] A. Stasi, A. Intini, C. Divella, et al., “Emerging Role of
Lipopolysaccharide Binding Protein in Sepsis-Induced Acute
Kidney Injury,” Nephrology Dialysis Transplantation 32
(2016): gfw250, 31.

[139] T. Suzuki, Y. Tada, S. Gladson, et al., “Vildagliptin
Ameliorates Pulmonary Fibrosis in Lipopolysaccharide-
Induced Lung Injury by Inhibiting Endothelial-to-Mesenchy-
mal Transition,” Respiratory Research 18, no. 1 (2017): 177.

[140] M. G. Frid, V. A. Kale, and K. R. Stenmark, “Mature
Vascular Endothelium Can Give Rise to Smooth Muscle Cells
via Endothelial-Mesenchymal Transdifferentiation: In Vitro
Analysis,” Circulation Research 90, no. 11 (2002): 1189–1196.

[141] G. Liang, S. Wang, J. Shao, et al., “Tenascin-X Mediates Flow-
Induced Suppression of EndMT and Atherosclerosis,”
Circulation Research 130, no. 11 (2022): 1647–1659.

[142] J. S. Smolen, D. Aletaha, and I. B. McInnes, “Rheumatoid
Arthritis,” The Lancet 388, no. 10055 (2016): 2023–2038.

[143] A. Meyer, S. R. Zack, W. Nijim, et al., “Metabolic
Reprogramming by Syntenin-1 Directs RA FLS and
Endothelial Cell-Mediated Inflammation and Angiogenesis,”
Cellular & Molecular Immunology 21, no. 1 (2024): 33–46.

[144] J. Chen, W. Cheng, J. Li, et al., “Notch-1 and Notch-3
Mediate Hypoxia-Induced Activation of Synovial Fibroblasts
in Rheumatoid Arthritis,” Arthritis & Rheumatology 73,
no. 10 (2021): 1810–1819.

[145] T. T. Jiang, C. L. Ji, L. J. Yu, et al., “Resveratrol-Induced
SIRT1 Activation Inhibits Glycolysis-Fueled Angiogenesis
Under Rheumatoid Arthritis Conditions Independent of
HIF-1α, Inflammation Research 72, no. 5 (2023): 1021–1035.

[146] P. L. Xin, L. F. Jie, Q. Cheng, D. Y. Bin, and C. W. Dan,
“Pathogenesis and Function of Interleukin-35 in Rheumatoid
Arthritis,” Frontiers in Pharmacology 12 (2021): 655114.

[147] Y. Li, Y. Jie, X. Wang, and J. Lu, “Serum IL-35 Is Decreased in
Overweight Patients With Rheumatoid Arthritis: Its
Correlation With Th1/Th2/Th17-Related Cytokines,” BMC
Immunology 22, no. 1 (2021): 42.

[148] C. Sobacchi, A. Schulz, F. P. Coxon, A. Villa, and
M. H. Helfrich, “Osteopetrosis: Genetics, Treatment and
New Insights Into Osteoclast Function,” Nature Reviews
Endocrinology 9, no. 9 (2013): 522–536.

[149] J. Tombran-Tink and C. J. Barnstable, “Osteoblasts and
Osteoclasts Express PEDF, VEGF-A Isoforms, and VEGF
Receptors: Possible Mediators of Angiogenesis and Matrix
Remodeling in the Bone,” Biochemical and Biophysical Research
Communications 316, no. 2 (2004): 573–579.

[150] M. M. Deckers, E. R. Van Beek, G. Van Der Pluijm, et al.,
“Dissociation of Angiogenesis and Osteoclastogenesis During
Endochondral Bone Formation in Neonatal Mice,” Journal of
Bone and Mineral Research 17, no. 6 (2002): 998–1007.

[151] M. Peng, Y. Wang, L. Qiang, et al., “Interleukin-35 Inhibits
TNF-α-Induced Osteoclastogenesis and Promotes Apoptosis
via Shifting the Activation From TNF Receptor-Associated
Death Domain (TRADD)-TRAF2 to TRADD-Fas-Associ-
ated Death Domain by JAK1/STAT1,” Frontiers in
Immunology 9 (2018): 1417.

[152] N. Tsuka, M. Motokawa, M. Kaku, et al., “Fms-Like Tyrosine
Kinase (Flt)-4 Signaling Participates in Osteoclast Differenti-
ation in Osteopetrotic (op/Op) Mice,” Biomedical Research
30, no. 1 (2009): 31–37.

[153] H. Zhang, Y. Li, L. Yuan, et al., “Interleukin-35 Is Involved in
Angiogenesis/Bone Remodeling Coupling Through T Helper
17/Interleukin-17 Axis,” Frontiers in Endocrinology 12
(2021): 642676.

[154] B. Abramoff and F. E. Caldera, “Osteoarthritis: Pathology,
Diagnosis, and Treatment Options,”Medical Clinics of North
America 104, no. 2 (2020): 293–311.

[155] W. Su, G. Liu, X. Liu, et al., “Angiogenesis Stimulated by
Elevated PDGF-BB in Subchondral Bone Contributes to
Osteoarthritis Development,” JCI Insight 5, no. 8 (2020).

[156] Z. Wu, K. Yuan, Q. Zhang, J. J. Guo, H. Yang, and F. Zhou,
“Antioxidant PDA-PEG Nanoparticles Alleviate Early
Osteoarthritis by Inhibiting Osteoclastogenesis and Angio-
genesis in Subchondral Bone,” Journal of Nanobiotechnology
20, no. 1 (2022): 479.

[157] J. Yang, L. Yao, Y. Li, et al., “Interleukin-35 Inhibits
Angiogenesis Through T helper17/Interleukin-17 Related
Signaling Pathways in IL-1β-Stimulated SW1353 Cells,”
Molecular Immunology 147 (2022): 71–80.

[158] J. Yang, L. Yao, Y. Li, et al., “Interleukin-35 Regulates
Angiogenesis Through P38Mitogen-Activated Protein Kinase
Signaling Pathway in Interleukin-1β-Stimulated SW1353
Cells and Cartilage Bioinformatics Analysis,” Journal of
Interferon & Cytokine Research 41, no. 5 (2021): 164–171.

[159] S. van der Velden, T. L. J. van Osch, A. Seghier, et al.,
“Complement Activation Drives Antibody-Mediated
Transfusion-Related Acute Lung Injury via Macrophage
Trafficking and Formation of NETs,” Blood 143, no. 1
(2024): 79–91.

[160] D. Song, J. M. Adrover, C. Felice, et al., “PTP1B Inhibitors
Protect Against Acute Lung Injury and Regulate CXCR4
Signaling in Neutrophils,” JCI Insight 7, no. 14 (2022).

[161] J. P. Tung, S. Chiaretti, M. M. Dean, A. J. Sultana,
M. C. Reade, and Y. L. Fung, “Transfusion-Related Acute
Lung Injury (TRALI): Potential Pathways of Development,
Strategies for Prevention and Treatment, and Future
Research Directions,” Blood Reviews 53 (2022): 100926.

[162] J. Qiao, R. He, Y. Yin, et al., “RIL-35 Prevents Murine
Transfusion-Related Acute Lung Injury by Inhibiting the
Activation of Endothelial Cells,” Transfusion 60, no. 7
(2020): 1434–1442.

Mediators of Inflammation 17


	Systematic Review of Interleukin-35 in Endothelial Dysfunction: A New Target for Therapeutic Intervention
	1. Introduction
	2. Methods
	2.1. Search Strategy
	2.2. Study Selection
	2.3. Data Extraction

	3. Results
	3.1. ECs and Endothelial Dysfunction
	3.2. Overview of IL-35
	3.3. The Function of IL-35
	3.4. IL-35 and Endothelial Dysfunction
	3.4.1. Atherosclerosis
	3.4.2. Delayed Post-Stent Endothelialization
	3.4.3. PAH
	3.4.4. PE
	3.4.5. Ischemic Stroke
	3.4.6. PAD
	3.4.7. Tumors
	3.4.8. Sepsis
	3.4.9. RA
	3.4.10. Osteoporosis and OA
	3.4.11. Transfusion-Associated Acute Lung Injury (TRALI)


	4. Conclusion
	Data Availability Statement
	Conflicts of Interest
	Author Contributions
	Funding
	References




