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Abstract
Background:  Angiopoietin-like 4 (ANGPTL4) belongs to the angiopoietin-like protein family and mediates the inhibi-
tion of lipoprotein lipase activity. Emerging evidence suggests that ANGPTL4 has pleiotropic functions with anti- and  
pro-inflammatory properties.
Methods:  A thorough search on PubMed related to ANGPTL4 and inflammation was performed.
Results:  Genetic inactivation of ANGPTL4 can significantly reduce the risk of developing coronary artery disease and 
diabetes. However, antibodies against ANGPTL4 result in several undesirable effects in mice or monkeys, such as lymphad-
enopathy and ascites. Based on the research progress on ANGPTL4, we systematically discussed the dual role of ANGPTL4 
in inflammation and inflammatory diseases (lung injury, pancreatitis, heart diseases, gastrointestinal diseases, skin diseases, 
metabolism, periodontitis, and osteolytic diseases). This may be attributed to several factors, including post-translational 
modification, cleavage and oligomerization, and subcellular localization.
Conclusion:  Understanding the potential underlying mechanisms of ANGPTL4 in inflammation in different tissues and 
diseases will aid in drug discovery and treatment development.
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Introduction

Angiopoietin-like 4 (ANGPTL4) is a multifaceted secreted 
protein. It was discovered simultaneously by three dif-
ferent institutions in 2000 [1–3] and later unified by the 
HUGO Gene Nomenclature Committee as ANGPTL4 [4]. 
ANGPTL4 is highly expressed in adipose tissues and the 
liver of humans and mice, and to a lesser extent in the heart, 

muscle, kidney, skin, and other tissues [2, 5]. Its expression 
is modulated by the nutritional, metabolic, and inflammatory 
status of an organism [6]. Initially, ANGPTL4 was found to 
be induced by fasting, which subsequently inhibited endoge-
nous lipoprotein lipase (LPL), thereby regulating the triglyc-
eride (TG) metabolism. Thus, related studies have focused 
on lipid metabolism and glucose homeostasis [7–10]. 
ANGPTL4-deficient mice exhibit increased plasma LPL 
activity and TG clearance, and decreased plasma TG levels 
[11–14]. Consistent with this finding, human monoclonal 
antibody against ANGPTL4 reduced the circulating TG lev-
els in mice and monkeys [15]. Human genetic studies have 
shown that genetic inactivation of ANGPTL4 (E40K vari-
ant) can significantly reduce the risk of developing diabetes 
and coronary artery disease [8, 10, 15, 16]. Unfortunately, 
dietary saturated fat induces a pro-inflammatory and ulti-
mately lethal phenotype in mice lacking ANGPTL4, includ-
ing fibrinopurulent peritonitis, ascites, intestinal fibrosis, and 
cachexia [13]. Antibodies against ANGPTL4 result in sev-
eral undesirable effects in mice or monkeys, including lym-
phadenopathy [15] and ascites [12]. And ANGPTL4−/− mice 
showed lipid-enriched foamy macrophages in the mesenteric 
lymph nodes [12]. Carriers of E40K mutation in humans did 
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not have reports of these severe phenotypes suggesting that 
E40K mutation does not adequately represent ANGPTL4 
deletion. These observations indicate that ANGPTL4 func-
tions more than just regulating lipids, which could have con-
founding effects on other pathological processes [17].

The inflammatory signaling regulation by ANGPTL4 has 
recently attracted increased attention. ANGPTL4 expres-
sion reportedly increases in inflamed brain, adipose, pan-
creas, colon, and lung tissues, suggesting that ANGPTL4 
is an inflammatory mediator [18–22]. In contrast, studies 
have reported that ANGPTL4 protects against the severe 
pro-inflammatory effects of saturated fat and increases the 
number of anti-inflammatory macrophages in peritonitis and 
myocardial infarction [13, 23]. ANGPTL4’s role in inflam-
mation appears to be bidirectional, and its exact mechanism 
is not fully understood. Therefore, understanding the role 
and potential underlying mechanisms of ANGPTL4 in 
inflammation in different tissues and diseases will aid in 
drug discovery and treatment development.

Here, we systematically reviewed published studies and 
identified the functions, possible mechanisms, and therapeu-
tic value of ANGPTL4 in inflammation and inflammatory 
diseases.

Characteristics of ANGPTL4

ANGPTL4 belongs to the ANGPTL protein family, 
which consists of eight secreted glycoproteins, known as 
ANGTPL1–8. Except for ANGPTL5, all ANGPTL pro-
teins have been identified in humans and mice. The human 
ANGPTL4 gene is located on chromosome 19p13.3, and 
encodes a glycosylated secreted protein (fANGPTL4, 
45–65  kDa). fANGPTL4 is then rapidly post-transla-
tionally cleaved into an N-terminal coiled-coil domain 
(nANGPTL4, ~ 15 kDa) and a C-terminal fibrinogen-like 
domain (cANGPTL4, ~ 35 kDa) [24]. Alternative splicing 
results in multiple transcript variants. nANGPTL4 mediates 
ANGPTL4 oligomerization and binds to LPL to modulate 
lipoprotein metabolism. cANGPTL4 is involved in energy 
expenditure and several non-lipid-related processes, includ-
ing angiogenesis, inflammation, oxidative stress, vascular 
permeability, and wound healing (Fig. 1) [21, 25–28]. In 
mice, ANGPTL4 is expressed in adipose tissue, heart, liver, 
small intestine, skin, and skeletal muscle. In humans, it is 
primarily produced in the liver, plasma, small intestine, pla-
centa, heart, and adipose tissue [2].

ANGPTL protein family is structurally homologous to 
angiopoietin (ANG), an angiogenic regulator; however, 
ANGPTLs do not bind to the ANG receptors Tie1 or Tie2 

Fig. 1   Structure, function, and receptor of ANGPTL4. Angiopoi-
etin-like 4 (ANGPTL4) has three functional domains: the signal 
peptide, the coiled-coil (N-terminal chain, CCD) and the fibrinogen-
like (C-terminal chain, FLD) domains. Each domain is indicated as 
a different color. Full-length ANGPTL4 (fANGPTL4) is proteolyti-
cally cleaved by proprotein convertases (PCs, including PC5/6, PC7, 
Furin, and PACE4) at their recognition motif (R161RKR164) in the 
linker region. The cleavage site in ANGPTL4 is indicated by the scis-
sors symbol. Before cleavage, ANGPTL4 forms oligomers mediated 

by disulphide bond-forming cysteine residues in nANGPTL4. After 
cleavage, ANGPTL4 is released from the cells where nANGPTL4 
remains oligomerized, while cANGPTL4 dissociates into monomers. 
The ability to bind and inhibit LPL activity is limited to nANGPTL4 
and fANGPTL4 by D39E40 sites, whereas, cANGPTL4 is involved 
in several non-lipid related processes. “ ” denotes cysteine residues 
in nANGPTL4, and “ ” denotes potential N-glycosylation site. LPL, 
lipoprotein lipase; ROS, reactive oxygen species; EGFR, epidermal 
growth factor receptor; EMT, epithelial–mesenchymal transition
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[24, 29]. ANGPTL4 was previously known as an orphan 
receptor. With research progression, ANGPTL4 receptors 
were gradually discovered recently. Huang et al. [26] previ-
ously reported that cANGPTL4 binds to α5β1, VE-cadherin, 
and claudin-5, thus modulating vascular junction integrity. 
In normal and tumor epithelial cells, cANGPTL4 interacts 
with α5β1 and αvβ5 leading to anoikis resistance [30]. It 
was also reported that cANGPTL4 modulates keratino-
cyte migration via integrins β1 and β5 [28]. Using surface 
plasmon resonance binding and proximity ligation assays, 
Gomez Perdiguero et al. [31] demonstrated that fANGPTL4 
directly binds to αvβ3 integrin in hypoxia-driven VEGF-
mediated vascular permeability. Syndecans could mediate 
ANGPTL4-induced intracellular signaling by binding to 
nANGPTL4 [32]. And cANGPTL4 binds directly to neuro-
pilins on endothelial cells to induce diabetic macular edema 
[33]. ANGPTL4 also binds  to EGFR and enhanced stress-
induced EGFR/JAK1/STAT3 signaling to drive p21 expres-
sion in ovarian granulosa cells [34].

Specific agonists and inhibitors regulate ANGPTL4 func-
tion. Agonists include peroxisome proliferator-activated 
receptor (PPAR), glucocorticoid receptor (GR), and protein 
kinase C (PKC) agonists; inhibitors include angiotensin 
blockers, leptin, resistin, insulin, and calcineurin inhibitors 
(cyclosporin A and tacrolimus) [35–38]. Certain transcrip-
tion factors directly activate the expression of ANGPTL4, 
including signal transducer and activator of transcription 3 
(STAT3) [20], retinoic acid receptor-related orphan receptor 
α (RORα) [23], GR [38], forkhead box protein A1 (FOXA1) 
[38], c-Myc [39], and hypoxia inducible factor-1α (HIF-1α) 
[40–42]. And small mothers against decapentaplegic (Smad) 
signaling could regulate the expression of human ANGPTL4 
[25, 43]. The chromatin immunoprecipitation assay reveals 
enhanced binding between c-Myc and the promoter region 
of ANGPTL4 in LN229-vIII cells, which might contribute 
to angiogenesis induction in gliomas [39]. Real-time PCR 
analysis of immunoprecipitated chromatin shows that RORα 
binds to the ANGPTL4 promoter [23]. HIF-1α directly 
mediates hypoxia-induced ANGPTL4 expression in tumor 
tissues, cardiomyocytes, and endothelial cells [40–42]. 
Hyperoxia treatment of adipocytes causes downregulation 
of ANGPTL4 expression, release of reactive oxygen spe-
cies, and upregulation of pro-inflammatory adipocytokines 
such as interleukin-6 (IL-6) and monocyte chemoattractant 
protein-1 (MCP-1) [44]. ANGPTL4 is also regulated by 
STAT3-[20] and YAP-mediated mechanism [45] and trans-
forming growth factor-β (TGFβ)/Smad signaling pathway 
[25, 43]. Growth hormone upregulates ANGPTL4 mRNA 
expression and suppresses LPL activity via fatty acids [46]. 
Two transcription factors, GR and FOXA1, have been identi-
fied as important transcriptional activators of ANGPTL4 by 
mutational analysis, RNA interference assays, and electro-
phoretic mobility-shift assays in bovines [38].

In addition to the above, several studies showed that the 
steps involved in the post-translational modifications, cleav-
age and oligomerization, subcellular localization, and other 
aspects deserve further attention.

Post‑translational modification

Post-translational modifications, such as glycosylation, 
phosphorylation, and myristoylation, reportedly play essen-
tial roles in ANGPTL4 regulation. The expected molecular 
weight of the fANGPTL4 protein is 45 kDa, with a pre-
dicted glycosylation site at Asparagine-236/242 (in mouse), 
Asparagine-231/237 (in rat) or Asparagine-177 (in humans). 
A reduction in the molecular weight of fANGPTL4 after 
treatment of brown adipose tissue lysates with PNGase-
F (an N-glycosidase) demonstrated that ANGPTL4 is an 
N-glycosylated protein [47]. Treatment of cANGPTL4 with 
PNGase-F also led to a significant decrease in the molecular 
mass [48]. These results suggested that cANGPTL4 contains 
complex oligosaccharide structures. ANGPTL4 has three 
potential N-glycosylation sites and appears to be sialylated.

Another study found that podocytes secrete two distinct 
forms of ANGPTL4: (1) a high-isoelectric point (pI) pro-
proteinuric form that is hyposialylated and noted only in 
the glomerulus and urine and (2) a neutral-pI form that is 
properly sialylated [49]. An in vitro study using cultured 
glomerular endothelial cells showed that high-pI ANGPTL4 
increases and neutral-pI ANGPTL4 reduces endothelial 
injury in the setting of oxidative stress [49]. Treatment with 
the sialic acid precursor N-acetyl-d-mannosamine (Man-
NAc) converts high-pI to neutral-pI glomerular ANGPTL4 
in vivo and significantly reduces albuminuria and proteinu-
ria. Supplementation with the sialic acid precursor ManNAc 
reverses these pathological changes and confers renoprotec-
tion in a mouse model of diabetic nephropathy [50].

Sialylation plays a vital role in glycoprotein regulation. 
Loss of α2-6 sialylation promotes the transformation of 
synovial fibroblasts into a pro-inflammatory phenotype in 
arthritis [51]. Engineered sialylation of pathogenic antibod-
ies in vivo attenuates autoimmune disease [52]. Hyposia-
lylated IgG activates the endothelial IgG receptor FcγRIIB 
to promote obesity-induced insulin resistance [53]. In high-
fat diet (HFD)-fed mice, supplementation with the sialic acid 
precursor, ManNAc, restores IgG sialylation and preserves 
insulin sensitivity without affecting weight gain [53]. There-
fore, the pro- or anti-inflammatory effects of ANGPTL4 are 
associated with its sialylation.

Cleavage and oligomerization

ANGPTL4 undergoes proteolytic cleavage after secre-
tion, releasing a smaller N-terminal chain (nANGPTL4) 
and a larger chain containing the fibrinogen C-terminal 



	 Y. Zuo et al.

1 3

domain (cANGPTL4). ANGPTL4 N-terminal chain forms 
disulphide-linked dimers and tetramers. Cysteine-76 and 
80 positions of ANGPTL4 are required to form higher-
order structures in mice, rats, and humans. Oligomeriza-
tion results in the increased stability of nANGPTL4 and its 
ability to inhibit LPL [54]. Future studies are required to 
assess whether ANGPTL4 oligomerization impacts systemic 
inflammatory paradigms in vivo.

ANGPTL4 can be proteolytically cleaved by pro-protein 
convertases (PCs) at its RRKR-consensus cleavage site. The 
correlation between truncated forms of ANGPTL4 and PC 
expression or activity remains unclear. Adipocytes express 
fANGPTL4, which can form dimers and tetramers. In con-
trast, hepatocytes produce ANGPTL4 with a highly hydro-
phobic signal peptide, an N-terminal coiled-coil fragment, 
and a COOH-terminal fibrinogen-like domain. However, 
the mechanism underlying this tissue-dependent expres-
sion remains unknown. During influenza pneumonia, the 
concomitant increase in furin activity cleaves fANGPTL4 
to generate cANGPTL4, corresponding to extensive lung 
injury characterized by large regions of pulmonary haemor-
rhage and host immune cell infiltration. cANGPTL4 immu-
noneutralization significantly reduces tissue leakage and 
accelerates lung recovery [20]. ANGPTL4 is cleaved in a 
serum-dependent manner [48]. fANGPTL4 appeared in the 
medium first, with subsequent increase in the cleavage prod-
ucts during incubation [55]. The changes in fANGPTL4/
cANGPTL4 may have different effects at different times. 
A recent finding has established opposing pro-tumori-
genic and anti-tumorigenic functions of ANGPTL4 and 
cANGPTL4 compared with nANGPTL4. It showed that 
cANGPTL4 facilitated tumor growth and metastasis while 
the nANGPTL4 prevented metastasis and enhanced over-
all survival. Tracing ANGPTL4 and its fragments in tumor 
patients detected local fANGPTL4 in tumor specimens, 
whereas nANGPTL4 predominated in systemic circulation, 
and serum nANGPTL4 levels correlated inversely with dis-
ease progression [56].

Subcellular localization

This evolution allows each expressing cell type to indepen-
dently communicate its physiological status and environ-
mental exposures systemically by secreting ANGPTL4 into 
the circulation and locally by secreting ANGPTL4 into the 
extracellular space. ANGPTL4’s role as an inflammatory 
or anti-inflammatory gene may depend on its subcellular 
localization in specific cells and tissues. Data from the 
Human Protein Atlas may assist in this regard. It indicates 
that ANGPTL4 is localized to the nucleoplasm and vesicles. 
Recent findings have shown that ANGPTL4 is enriched in 
exosomes by the markers CD63 and CD9 [57]. Since its 
discovery, much attention has been paid to the ANGPTL4’s 

secretory function. ANGPTL4’s role in the nucleoplasm 
and cytoplasm requires further investigation. ANGPTL4 
has a dual role in urothelial carcinoma, either as a tumor 
suppressor within tumor cells or as an oncogene that is exog-
enously contributed by the microenvironment [58]. A new 
tool, Moonlight, successfully identified BCL2, SOX17, and 
ANGPTL4 as a dual-role gene, which have complex inter-
actions with biological process mediators, oncogenes, and 
tumor suppressors [59].

The ANGPTL family functions not only as a secreted 
protein, but also as a cytoplasmic protein. To date, the stud-
ies on ANGPTL4 have been limited, its role in cells deserves 
additional attention. These seemingly contradictory roles 
of ANGPTL4 in inflammation suggest that the intracellular 
effects of this protein may differ from its distant hormonal 
actions on other locations in the body, such as blood vessels.

Other aspects

Other factors may have also been involved. The effect of 
ANGPTL4 in the early and late stages of stomatitis could 
reportedly result in different outcomes [60]. Another poten-
tial explanation is the varied lipopolysaccharide (LPS) 
dosages or concentrations used in various experimental 
models. As outlined previously, 100 ng/ml LPS stimulation 
can induce ANGPTL4 expression in primary and THP1-
derived macrophage cells [21, 61], whereas, ANGPTL4 
levels declined in 1 μg/ml LPS-treated Caco-2 cells [62]. 
ANGPTL4-treated THP-1 macrophages show significant 
reduction in inflammatory genes in a dose-dependent man-
ner [23]. The different effects of ANGPTL4 on inflammation 
may depend on the LPS dose administered. Furthermore, 
ANGPTL4 receptor presence was still rare in inflammation 
in the current study, the detailed mechanism of ANGPTL4 in 
inflammatory diseases needs to be explored in future studies.

We noted that ANGPTL4 is silenced by aberrant DNA 
methylation of CpG islands in human gastric cancers and 
carcinomas [63, 64]. DNA methylation-mediated downregu-
lation of ANGPTL4 promotes colorectal cancer metastasis 
by activating the ERK pathway [65]. Whether ANGPTL4 
methylation plays a pro- or anti-inflammatory role in inflam-
matory diseases will require further studies.

ANGPTL4 on inflammatory processes 
and diseases

Inflammatory response is the primary immunological 
response of the body to maintain homeostasis after exposure 
to pathogenic infection, endogenous injury, or tissue stress. 
Excessive acute inflammatory responses, due to infectious 
diseases or acute organ injury, and chronic inflammation 
are thought to be drivers of metabolic syndrome, tumor 
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progression, and autoimmune diseases [66]. In recent stud-
ies, inflammatory responses associated with ANGPTL4 
include lung injury, pancreatitis, heart diseases, gastroin-
testinal diseases, skin diseases, metabolism, periodontitis, 
and osteolytic diseases (Fig. 2).

ANGPTL4 and lung injury

Studies have shown that ANGPTL4 may be involved in 
the inflammatory response in influenza pneumonia and 

LPS-induced acute lung injury. Li et al. [20] identified ele-
vated expression of ANGPTL4 in lung biopsy specimens 
from patients with infectious pneumonia compared to normal 
lung specimens. Further studies revealed that the influenza 
infection directly stimulated ANGPTL4 expression through 
the IL6-STAT3 signaling pathway [20]. The concomitant 
increase in furin activity cleaves fANGPTL4 to generate 
cANGPTL4, resulting in extensive lung injury characterized 
by large regions of pulmonary hemorrhage and infiltration 
of immune cells. ANGPTL4 deficiency improves pulmonary 

Fig. 2   ANGPTL4 on inflammatory processes and diseases. 
ANGPTL4 can regulate the inflammation-related gene expression in 
LPS-induced acute lung injury, influenza infection, and COVID-19 
(NF-κB, SIRT1, IL-6, and IL-1β). In acute myocardial infarction and 
peritonitis, ANGPTL4 mediates anti-inflammatory effects in the path-
ological microenvironment by modulating the inflammation-related 
gene expression in macrophages (Arg1, CD206, IL-10, iNOS, IL-6, 
IL-1β, and MCP-1). In acute pancreatitis, ANGPTL4 enhances mac-
rophage activation and leads to hypercytokinemia (C5a, C5aR, IL-6, 
TNF-α, and IL-1β). ANGPTL4 reduces leukocyte infiltration in coli-
tis and protects the colon from acute inflammation (CCL2, CCL11, 
CXCL10, IL-10, IL-1β, and IL-17). ANGPTL4 is critical for inflam-
mation and the increase in NF-κB, IL-6, IL-1β, and TNF-α levels in 
the early stage of stomatitis. And ANGPTL4 can cause anti-inflam-
matory effects concomitantly with the increase in PPARα in the late 

stage of stomatitis. ANGPTL4 modulates the immune cell response 
to acute skin injury, wound healing, and psoriasis (TNF-α, IL-1β, 
IL-6, IL-17A, PDGF, TGF-β, VEGF, and IL-10). ANGPTL4 is also 
associated with chronic low-grade inflammation (atherosclerosis, 
obesity, diabetes, and complications of these diseases.). ANGPTL4 
may play a pivotal role in promoting the expression of MMPs in the 
periodontitis and osteolytic diseases. VEGF, vascular endothelial 
growth factor; SIRT1, sirtuin 1; PDGF, platelet derived growth fac-
tor; PTGS2, prostaglandin-endoperoxide synthase 2; GDF15, growth 
differentiation factor-15; CCR2, CC-motif receptor 2; CCL2/11, CC-
motif chemokine ligand 2/11; MCP-1, monocyte-chemoattractant 
protein-1; Arg1, Arginase-1; iNOS, inducible nitric oxide synthase; 
CREB, cAMP-response element binding protein; PPARα, peroxisome 
proliferator-activated receptor α; MMPs, matrix metalloproteinases
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tissue integrity and accelerates recovery. In another recent 
study, Li et al. [67] showed that antibody treatment against 
cANGPTL4 could reduce pulmonary edema and damage in 
infected mice of secondary bacterial pneumonia. And this 
effect was also confirmed using ANGPTL4−/− mice.

ANGPTL4 levels are elevated in the lung tissue of an 
acute injury mouse model and in LPS-induced human 
alveolar epithelial cells. ANGPTL4 promotes the expres-
sion of NF-κBp65 and inhibits the expression of SIRT1 
in mouse lung and human alveolar epithelial cells. After 
silencing ANGPTL4 (siRNA), LPS-induced lung inflamma-
tion, including neutrophil infiltration, and TNF-α and IL-6 
expression in lung tissues, significantly reduced. This is also 
seen in human alveolar epithelial cells [18]. LPS induces 
only a slight increase in ANGPTL4 expression in rat pulmo-
nary microvascular endothelial cells (RPMVECs). Overex-
pression of ANGPTL4 inhibits the LPS-induced increase in 
the RPMVECs permeability, which is associated with the 
depolymerization of central F-actin in RPMVECs. Overex-
pression of ANGPTL4 exerts protective, anti-inflammatory 
(TNF-α), and anti-angiogenic effects [68].

In chronic obstructive pulmonary disease patients, cir-
culating ANGPTL4 levels are upregulated and have cor-
relations with pulmonary function and systematic inflam-
mation [69]. Another study reported that bronchoalveolar 
lavage fluid and serum ANGPTL4 levels are elevated and 
have prognostic value in patients with acute respiratory dis-
tress syndrome [70]. A proteomic analysis of 144 autopsy 
samples from seven organs in COVID-19 patients showed 
that ANGPTL4 was significantly upregulated in the liver, 
renal cortex, and medulla, suggesting it might play a critical 
role in the COVID-19 infection [71]. In addition, Altmayer 
et al., demonstrated increased serum ANGPTL4 abundance 
is associated with COVID-19-related encephalitis, which 
highlights ANGPTL4 as a potential molecular marker for 
this disorder [72, 73]. These observations underscore the 
vital role of ANGPTL4 in lung infection, and may facilitate 
development of future therapeutic strategies for the treat-
ment of lung injury.

ANGPTL4 and pancreatitis

Genetic variants (LPL, APOA5, APOC3, ANGPTL3, and 
ANGPTL4) associated with increased plasma TG levels 
increase the risk of acute pancreatitis [74]. Jung et al. [21] 
demonstrated that ANGPTL4 accelerates the pathologi-
cal exacerbation of acute pancreatitis by inducing alveolar 
cell damage and releasing large amounts of inflammatory 
cytokines. Microarray analysis of pancreatic tissues from 
mice with mild and severe acute pancreatitis revealed that 
ANGPTL4 was one of the most upregulated genes [21]. 
Clinically, ANGPTL4 expression is also elevated in the 
serum and pancreatic tissues of patients with pancreatitis. In 

mice, knockdown of either ANGPTL4 gene or ANGPTL4-
neutralizing antibodies attenuated the pancreatitis-related 
symptoms. In contrast, exogenous ANGPTL4 increases 
inflammatory factor secretion and apoptosis, thereby exac-
erbating pancreatic injury. ANGPTL4 enhances macrophage 
activation and promotes pancreatic infiltration, increasing 
the complement component 5a (C5a) levels via the PI3K/
AKT signaling pathway. Activation of the C5a receptor 
leads to hypercytokinemia (C5aR, IL-6, TNF-α, and IL-1β), 
which accelerates alveolar cell damage and induces pancrea-
titis. C5a-neutralizing antibody reduces the inflammatory 
response of LPS-activated macrophages and decreases the 
pancreatitis severity. C5a levels have a significant positive 
correlation with ANGPTL4 levels in patients with pancrea-
titis. Jung et al. [21] suggested that targeting ANGPTL4 is a 
potential treatment strategy for pancreatitis.

The physiological role of ANGPTL4 may be largely 
contingent on the pathological conditions. It is reported in 
the LPS-induced peritonitis mouse model, ANGPTL4 was 
highly induced and released from mesenchymal stem cells 
(MSCs) to exert the anti-inflammatory effect [23]. Real-
time PCR results of peritoneal macrophages showed that 
the ANGPTL4-treated group had significantly increased 
anti-inflammatory Arg1, CD206, and IL-10 expression and 
decreased pro-inflammatory iNOS, IL-6, and IL-1β expres-
sion than the vehicle group did. Recombinant ANGPTL4 
suppresses the activation of peritoneal and bone marrow-
derived macrophages (BMDM).

ANGPTL4 and heart disease

Cho et al. [23] demonstrated that ANGPTL4 secreted by 
MSCs has potential anti-inflammatory effects in a patho-
logical microenvironment and that ANGPTL4 can regulate 
the inflammation-related gene expression in macrophages 
(Arg1, CD206, IL-10, iNOS, IL-6, IL-1β, and MCP-1).

MSCs can inhibit pathological inflammation; however, 
the underlying mechanisms remain unclear. Under co-culture 
conditions with macrophages, MSCs increase ANGPTL4 
expression to blunt the polarization of macrophages toward 
the pro-inflammatory phenotype. Myocardial reperfusion 
injury after acute myocardial infarction (AMI) involves a 
series of pathological responses, such as hemorrhage, hae-
matoma, and inflammation. During AMI, hypoxia induces 
ANGPTL4 elevation, which provides secondary myocardial 
infarction preservation and regulates myocardial infarct 
size, recurrent flow, and vascular injury. ANGPTL4 medi-
ates cardioprotection during AMI by targeting the no-reflow 
phenomenon [75]. In addition, plasma ANGPTL4 expres-
sion levels at admission in patients with AMI correlate with 
no-reflow after infarction and can predict disease prognosis 
[76].
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ANGPTL4 secreted by the MSCs in the area of myo-
cardial infarct has potential anti-inflammatory effects in the 
pathological microenvironment by modulating the inflam-
mation-related gene expression in macrophages [23].

ANGPTL4 and gastrointestinal diseases

Several gastrointestinal diseases exhibit a persistent and 
exacerbated inflammatory response that can lead to hyper-
cytokinemia and ultimately, extensive tissue damage. 
ANGPTL4 reduces leukocyte infiltration in colitis and pro-
tects the colon from acute inflammation (CCL2, CCL11, 
CXCL10, IL-10, IL-1β, and IL-17) [22]. ANGPTL4 defi-
ciency (ANGPTL4−/−) exacerbates colonic inflamma-
tion caused by dextran sulphate sodium (DSS) or stearic 
acid. Microarray gene profile analysis of the DSS-treated 
ANGPTL4−/− mice colon revealed that the ANGPTL4 gene 
was associated with leukocyte migration, infiltration, and 
inflammation in ulcerative colitis. Human colonic epithelial 
cell experiments have shown that ANGPTL4 mediates the 
colonic inflammatory response through the tristetraprolin 
(TTP or ZFP36) regulation of chemokine transcriptional 
stability. ANGPTL4 protects the colon from acute inflam-
mation and its deletion exacerbates the severity of inflam-
mation [22]. Modulation of bile acid-inducible microbial 
genes in the gut microbiota may be employed to influence 
ANGPTL4 expression and modulate the intestinal inflam-
mation in inflammatory bowel disease [77].

ANGPTL4 is critical for inflammation and the increase in 
NF-κB, IL-6, IL-1β, and TNF-α levels in the early stage of 
stomatitis. The excessive production of ANGPTL4, however, 
can cause anti-inflammatory effects concomitantly with the 
increase in PPARα in the late stage of stomatitis [60]. This 
suggests that the ANGPTL4 role in the early and late stages 
results in different outcomes.

ANGPTL4 and skin diseases

Normal wound healing requires hemostasis, inflammation, 
re-epithelialization, and matrix remodeling to re-establish 
a new epithelial barrier [78]. The inflammatory response 
plays a bidirectional role in wound healing and determines 
the time required and the degree of healing. A persistent 
inflammatory response at the wound site is a major reason 
for the long-term non-healing of wounds.

Diabetic wounds have low endogenous cANGPTL4 lev-
els and are associated with an elevated F4/80+ macrophage 
population. F4/80+ macrophage infiltration reduces upon 
treatment of diabetic wounds with recombinant cANGPTL4 
[79]. Recently, Tan et al. [80] identified that ANGPTL4 
modulates the immune cell response to acute skin injury. 
Using flow cytometry and single-cell RNA sequencing, the 
ratio of immune cells in the wound sections of ANGPTL4+/+ 

and ANGPTL4−/− mice was examined. They found that 
ANGPTL4 regulates ifi202b expression, which affects the 
differentiation of monocytes into macrophages, and in turn 
wound healing. Furthermore, in patients with diabetes, the 
function of the gene responsible for re-epithelialization is 
altered and wound healing is often delayed, which may also 
be closely linked to the ANGPTL4 gene [81]. ANGPTL4 
also promotes keratinocyte proliferation and inflammatory 
responses (TNF-α, IL-1β, IL-6, and IL-17A) via the ERK1/2 
and STAT3-dependent signalling pathways in psoriasis [82].

ANGPTL4 and metabolism

Chronic low-grade inflammation is a non-specific, persistent 
inflammation characterized by elevated levels of C-reactive 
protein (CRP), TNF-α, and IL-1. Atherosclerosis, obesity, 
and diabetes are considered chronic low-grade inflamma-
tory diseases [83]. Recent study has shown that cross-talk 
between ANGPTL4 gene SNP Rs1044250 and weight man-
agement is a risk factor of metabolic syndrome [84]. The 
role of ANGPTL4 in atherosclerosis has been extensively 
discussed in a recent review [17] and will not be the focus 
of this review.

ANGPTL4 can reportedly counteract the severe pro-
inflammatory effects of saturated lipids on lipid metabo-
lism [13]. In mesenteric lymph nodes, the ANGPTL4 
gene inhibits macrophage LPL, thereby reducing the lipo-
lytic release of fatty acids, macrophage foam cell forma-
tion, ER stress, and initiation of a marked inflammatory 
response (CXCL2, CCR1, PTGS2, and GDF15) [13]. This 
study provided a novel mechanism for ANGPTL4 regula-
tion of cross-talk between inflammation and metabolism. 
In addition, ANGPTL4 knockout mice exhibited protection 
against high-fat diet-induced obesity, which may be associ-
ated with the reduced expression of PPAR coactivators [85]. 
ANGPTL4 silencing in the liver via the antisense oligonu-
cleotides (ASO) reduces plasma TG and glucose levels in 
mice without causing lymphadenopathy [86]. Hepatocyte-
specific suppression of ANGPTL4 improves obesity-asso-
ciated diabetes and mitigates atherosclerosis in mice [87]. 
Absence of ANGPTL4 in adipose tissue improves glucose 
tolerance and attenuates atherogenesis [14].

Serum ANGPTL4 is associated with CRP levels in 
patients with type 2 diabetes, suggesting that ANGPTL4 
may be involved in inflammatory progression in the met-
abolic syndrome [61]. In addition, there is a correlation 
between vitreous ANGPTL4 expression and inflammatory 
factor levels in diabetic retinopathy [88]. Knockdown of 
ANGPTL4 (Si-RNA) suppresses the high glucose-induced 
cell proliferation, inflammatory response (TNF-α, IL-1β, and 
IL-6), and ECM accumulation, thus, inhibiting the NF-κB 
signaling pathway in glomerular mesangial cells [89].
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ANGPTL4 partly regulates diabetic retinal inflam-
mation and angiogenesis by activating profilin-1 in vivo 
and in vitro. The activation of the novel adipocytokine 
ANGPTL4 was dependent on the overexpression of its 
upstream mediating factor HIF-1α under high glucose 
conditions in vivo and in vitro [90].

ANGPTL4 and other diseases

Periodontitis is a major chronic inf lammatory dis-
ease affecting the oral cavity. Increased expression of 
ANGPTL4 regulates MMP13 expression in LPS-stimu-
lated gingival fibroblasts and ligature-induced experimen-
tal periodontitis [91]. The role of ANGPTL4 in osteolytic 
diseases, including rheumatoid arthritis, osteoporosis, pri-
mary bone tumors, and bone metastatic cancer, has been 
extensively discussed in a recent review [92]. ANGPTL4 
might mediate a component of the hypoxic induction of 
MMPs and cartilage matrix remodeling [92]. Proposed 
mechanisms of ANGPTL4 in inflammation above are 
shown in Fig. 3.

Summary and outlook

ANGPTL4 is critical for regulating lipid metabolism and 
may be an attractive therapeutic target for protecting against 
metabolic disorders. However, antibodies against ANGPTL4 
result in several undesirable effects in mice or monkeys, such 
as lymphadenopathy and ascites. The relationship between 
inflammation and ANGPTL4 warrants further investigation. 
By reviewing the literature, we found that ANGPTL4 plays 
a dual role in inflammatory response. These contradictory 
results reflect a complex mechanism of ANGPTL4 func-
tion and expression across different tissues and cell types, 
including post-translational modification, cleavage and oli-
gomerization, alternative splicing, subcellular localization, 
and DNA methylation.

Further studies are needed to elucidate the regula-
tory mechanisms, including the conditions that increase 
ANGPTL4 expression in specific diseases, the extracellular 
or intracellular pathways that mediate ANGPTL4 signal-
ing, and how this regulation affects only the local cellu-
lar microenvironment or leads to systemic inflammation. 
Targeted therapy using alternative approaches, including 

Fig. 3   Proposed model of ANGPTL4 in inflammation. In an auto-
crine/paracrine manner, ANGPTL4 binds to integrins and/or NRP, 
and subsequently activates FAK, SRC, Rac1, Profilin-1, and RhoA 
activities, which further activates PI3K/AKT, JAK/STAT3, ERK, 
and NF-κB signaling pathways. These effects promote inflammation 
and mediate tissue destruction. On the other hand, the anti-inflam-
mation activities of ANGPTL4 might be attributed to its specific 
suppression of SRC and ERK pathway. From the current evidence 

base, the NF-κB signaling pathway is bidirectional in inflammation. 
ANGPTL4 inhibits LPL activity, controls FA uptake, and regulates 
circulating TG-rich lipoproteins. Upregulation of ANGPTL4 results 
in decreased uptake of plasma TG-derived FA, and decreases FA-
induced oxidative stress, lipid peroxidation, and inflammation. NRP, 
neuropilins; FAK, focal adhesion kinase; FFA, fatty acid; LPL, lipo-
protein lipase; TG, triglyceride
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tissue-specific ASOs targeting ANGPTL4, seem more 
reasonable.
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