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Abstract: The angiopoietin-like protein 4 (ANGPTL4), also known as fasting-induced adipose factor, is a secreted glycoprotein that 
belongs to the ANGPTL protein family. Due to its expression in various cell types and tissues and its interactions with other proteins, 
ANGPTL4 plays diverse roles within its family, exhibiting a wider range of molecular functions. For instance, ANGPTL4 is intricately 
involved in modulating central energy metabolism and enhancing exercise endurance, while also acting as a pivotal mediator in the 
interaction between gut microbiota and host lipid metabolism. Moreover, the expression of ANGPTL4 is directly controlled by aging- 
related signaling pathways. Its excessive activation accelerates the aging process by triggering mechanisms like heightened oxidative 
stress, epithelial-mesenchymal transition (EMT) and fibrosis, abnormal lipid accumulation, and cellular arrest, thereby advancing the 
development of age-related diseases. Given the pivotal roles of ANGPTL4 and its associated molecules in organ fibrosis and cancer 
advancement, targeting ANGPTL4 emerges as a promising therapeutic approach. However, the intricate and sometimes conflicting 
functions of the two cleavage fragments of ANGPTL4, namely N-terminal fragment (nANGPTL4) and C-terminal fragment 
(cANGPTL4), in different chronic diseases—exerting inhibitory or stimulatory effects depending on the disease stage—have posed 
challenges to the progress of ANGPTL4 antibody therapy. This review provides an overview of the biological mechanisms of 
ANGPTL4, its dual impact on fibrosis and tumorigenesis, and highlights its recent advancements as a potential biomarker in age- 
related diseases and inflammation-related conditions. ANGPTL4 is a high-potential but complex target, requiring mechanism-driven 
strategies for safe clinical translation. 
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Introduction
In the year 2000, multiple research groups initially characterized fasting-induced adipose factor (FIAF), also known as 
Angiopoietin-like 4 (ANGPTL4). ANGPTL4 is a member of the ANGPTL family, a glycoprotein comprising 406 amino 
acids with a molecular mass ranging from approximately 45 to 65 kDa, and it is encoded by the 19p13.2 locus.1 

Structurally, ANGPTL4 contains an N-terminal coiled-coil domain (CCD) with α-helical oligomerization capability, and 
a C-terminal fibrinogen-like domain (FLD) that can be subdivided into A, B, and P subdomains. Experimental evidence 
has validated the diverse biological functions associated with these two structural domains (CCD and FLD).2 The protein 
structure prediction data referenced in this study are sourced from the AlphaFold database3,4 (version 2022–11-01, 
Monomer v2.0), and the data are used under the CC-BY-4.0 license (Figure 1).

The secreted protein ANGPTL4 is primarily expressed in adipose tissue and the liver.5 The cleavage forms of 
ANGPTL4 exhibit tissue-specificity, with the liver producing the N-terminal fragment N-ANGPTL4 (nANGPTL4) and 
adipose tissue generating the full-length ANGPTL4 protein. The full-length ANGPTL4 protein is 52 kDa in size, with 
cleavage occurring after the 164th amino acid. The nANGPTL4 is 15 kDa, and the C-terminal fragment C-ANGPTL4 
(cANGPTL4) is 37 kDa. This differential cleavage may contribute to varied physiological functions and regulatory 
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effects in different tissues.6 cANGPTL4 triggers fat breakdown by elevating cAMP levels in adipocytes. Adenoviral 
overexpression of cAngptl4 boosts oxygen consumption, fat utilization, and the expression of brown fat thermogenesis 
genes (Ucp1 and Ppargc1a) in subcutaneous white adipose tissue of mice, resulting in reduced body weight in high-fat 
diet-fed mice without altering lipoprotein lipase (LPL) activity.7 Hepatocytes are capable of both expressing and cleaving 
ANGPTL4. Hepatocyte-expressed Furin, PC5/6, PACE, and PC7 proteases can recognize the proprotein convertase (PC) 
consensus cleavage sequence RXKR (with species-specific amino acid arrangement at positions 180 to 183 of the 
ANGPTL4 protein, RRKR for humans, RGKR for rats and mice), leading to a significant reduction in the levels of full- 
length ANGPTL4 and cANGPTL4.1 In vitro studies have demonstrated that a truncated fragment of the CCD domain of 
nANGPTL4 can inhibit the formation and activity of RAW264.7 osteoclasts, while also mildly promoting osteoblast 
proliferation, without impacting osteoblast differentiation in vitro. Conversely, the full-length and C-terminal FLD 
domains do not display these particular functional properties.8

ANGPTL4, identified as a LPL inhibitor, serves as an endogenous, non-competitive regulator involved in the 
modulation of lipid deposition and energy homeostasis.9 Both the full-length and N-terminal forms of ANGPTL4 exhibit 
inhibitory effects on LPL, while the C-terminal fragment shows no impact on LPL activity. In vitro investigations have 
demonstrated that the cleavage products of ANGPTL4 possess heightened potency as LPL inhibitors.10 The inhibition of 
LPL is facilitated by a specific short amino acid sequence in close proximity to the N-terminus of ANGPTL4. Molecular 

Figure 1 Different Structural Domains and Cleavage Sites of ANGPTL4.
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models suggest that the nANGPTL4 triggers the transition of active LPL dimers into inactive monomers.11 ANGPTL4 
induces the inactivation of LPL monomers by triggering the irreversible unfolding of the LPLα/β hydrolase domain. This 
unfolding process is initiated when ANGPTL4 binds to sequences located near the LPL catalytic site, specifically within 
the β2, β3-α3, and lid regions. The binding of ANGPTL4 induces conformational changes at the β3-α3 region, which 
subsequently propagate to β5 and β4-α4, ultimately resulting in the irreversible unfolding of the LPL catalytic pocket 
region.12 Moreover, ANGPTL4 can deactivate LPL either in the endothelial interstitium or directly at the cell surface 
before exerting systemic regulatory effects.13 Additionally, ANGPTL4 exhibits the capability to enhance the cleavage of 
LPL by PC, a function that remains unaffected by its own cleavage status.14

The Distinctiveness of ANGPTL4
Different from other family members, the expression of ANGPTL4 is influenced by various factors such as diet, hormone 
levels, and exercise.15,16 Research has confirmed that exercise-induced ANGPTL4 is secreted by the liver and is 
regulated by the human glucagon-cAMP-PKA pathway.17 Furthermore, studies have revealed a new role of skeletal 
muscle ANGPTL4 in exercise physiology.18 Treatment with ANGPTL4 activates AMP-activated protein kinase (AMPK) 
signaling in skeletal muscle cells. Conversely, the absence of ANGPTL4 diminishes exercise-induced AMPK activation 
in skeletal muscle, leading to reduced exercise endurance in ANGPTL4-deficient mice. Interestingly, ANGPTL4 is also 
influenced by temperature regulation. Studies have demonstrated that ANGPTL4 plays a crucial role in regulating plasma 
lipid distribution during prolonged cold exposure. ANGPTL4 can guide fatty acids from triglyceride-rich lipoproteins in 
circulation to brown adipose tissue during cold exposure.19

ANGPTL4 also appears to play a significant role in the central regulation of energy metabolism.20 An in vivo study 
revealed that the targeted deletion of ANGPTL4 increased the availability of fatty acids in astrocytes, thereby preventing 
diet-induced obesity.21 In another in vitro study, primary hippocampal neurons responded to saturated fatty acids by 
upregulating the expression of ANGPTL4 and pro-inflammatory factors, suggesting a potential involvement of 
ANGPTL4 in neuronal damage associated with metabolic diseases.22 More Interestingly, central ANGPTL4 does not 
directly regulate LPL activity but seems to participate in metabolic communication between glial cells and neurons.23 

Moreover, ANGPTL4 acts as a natural inhibitor of intestinal lipase activity.24 Research indicates that ANGPTL4 can be 
synthesized by enteroendocrine cells in the human intestinal tract, with its expression potentially modulated by short- 
chain fatty acids and bile acids.25 ANGPTL4 may also enhance bile acid absorption during tauroursodeoxycholic acid 
supplementation through mechanisms dependent on the intestinal microbiota.26 Clinical studies have revealed interac-
tions between microbial baiCD genes and host ANGPTL4 genes in the non-inflammatory intestinal mucosa of patients 
with inflammatory bowel disease.27

Emerging evidence suggests a potential involvement of ANGPTL4 in the aging process.28,29 The Wnt/β-catenin 
signaling pathway diminishes with age,30,31 while ANGPTL4 acts as an antagonist of the Wnt signal by promoting LRP6 
turnover.32 An in vitro experiment confirmed that ANGPTL4 can inhibit C2C12 differentiation by suppressing the Wnt/ 
β-catenin signaling pathway.33 Moreover, with advancing age, there is an increased accumulation of lipid droplets around 
the nuclear membrane.34 Our preliminary investigations have indicated that the upregulation of the adipokine ANGPTL4 
in proximal tubule cells is associated with lipid droplet accumulation and accelerated aging.35 More importantly, a study 
indicated that the overexpression of ANGPTL4 exacerbated the aging phenotype in cardiomyocytes induced by high 
glucose and palmitic acid, leading to increased markers of aging, while SGLT2 was shown to mitigate this effect.36 The 
research suggests that targeting ANGPTL4 (such as with SGLT2 inhibitors) may alleviate age-related cardiac dysfunc-
tion. Unlike ANGPTL3 and ANGPTL8 (mainly liver-derived), ANGPTL4 is broadly induced by aging-associated 
stressors (eg, hypoxia, oxidative stress) in adipose tissue, endothelium, and senescent cells.37,38 This suggests its potential 
role as a stress-responsive mediator in aging. Although few studies directly compare ANGPTL members in aging 
models, existing data suggest ANGPTL4’s broader involvement in aging-related pathways.

Presently, there is a dearth of comprehensive reviews addressing the role of ANGPTL4 in aging-related mechanisms. 
Aging is primarily driven by conservative features, including genomic instability, mitochondrial dysfunction, and chronic 
inflammation.39 Notably, processes regulated by ANGPTL4, such as oxidative stress accumulation and epithelial- 
mesenchymal transition (EMT), directly intersect with these features.40,41 EMT can promote the development of these 

Clinical Interventions in Aging 2025:20                                                                                             https://doi.org/10.2147/CIA.S522049                                                                                                                                                                                                                                                                                                                                                                                                    913

Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



aging hallmarks, hastening cellular functional decline and tissue homeostasis imbalance.42 This manuscript predomi-
nantly focuses on elucidating the multifaceted functions of ANGPTL4 in aging processes, encompassing angiogenesis, 
EMT, oxidative stress modulation, and the senescence-associated secretory phenotype (SASP) secretion. Furthermore, it 
explores the prospective utility of ANGPTL4 as a biomarker in age-related diseases.

The Potential Association Between ANGPTL4 and Age-Related 
Mechanisms
Angiogenesis
ANGPTL4 plays a crucial role in maintaining vascular homeostasis, age-related vascular dysfunction, and tumor 
angiogenesis. A groundbreaking study has discovered that ANGPTL4 improves age-related vascular dysfunction. This 
study proposes that elevating ANGPTL4 levels in specific aging tissues, such as the vascular system or brain endothe-
lium, could offer protective and potentially therapeutic benefits.43 Research suggests that hypoxia stimulates brain 
endothelial cell migration and vascular malformation remodeling through astrocyte-derived ANGPTL4. Furthermore, 
in the oxygen-induced retinopathy model, ANGPTL4 deficiency markedly suppresses hypoxia-driven pathological 
neovascularization, providing further evidence of the crucial role of ANGPTL4 in abnormal vascular proliferation.44,45 

Additionally, Qiu et al have validated that ANGPTL4 enhances post-stroke angiogenesis and neurogenesis, reduces 
neuronal death, and suppresses inflammation by upregulating AKT phosphorylation.46 Another study proposes that 
mechanical loading can trigger tenocytes to increase the expression of ANGPTL4 through the TGF-β/HIF-1α pathway, 
potentially modulating local vascular responses and impacting the tendon repair process.47 In terms of vascular home-
ostasis, ANGPTL4 serves as a crucial regulator of vascular integrity under both developmental and hypoxia-induced 
pathological conditions. By modulating integrin αvβ3 binding, VEGFR2-Src kinase signaling, and endothelial junction 
stability, ANGPTL4 can mitigate hypoxia-driven vascular permeability.48 Studies have further shown that mice with 
endothelial cell-specific deletion of ANGPTL4 exhibit diminished pathological neovascularization and improved vas-
cular stability.49

In addition to its roles in aging and vascular protection, ANGPTL4 exhibits distinct functions in the tumor 
microenvironment. Research has elucidated that ANGPTL4 can facilitate ovarian cancer progression via the JAK 
signaling pathway and promote angiogenesis within the tumor microenvironment through its interaction with ESM1.50 

Experimental data reveals that genetic deletion or antibody-mediated neutralization of ANGPTL4 leads to a substantial 
reduction in obesity-induced angiogenesis and tumor growth.51 These observations underscore the critical role of 
ANGPTL4 in modulating tumor angiogenesis.

Intriguingly, ANGPTL4 appears to have a dual role in vascular endothelial dysfunction. Its different protein forms - 
nANGPTL4 and cANGPTL4 - exhibit distinct and even contradictory functions, depending on the tissue microenviron-
ment, protein cleavage status, and activation of downstream signaling pathways. Studies have found that C-Angptl4, 
rather than N-Angptl4, effectively inhibits endothelial cell proliferation, migration, and tube formation, preventing 
neovascularization in mice. Mechanistically, cANGPTL4 suppresses angiogenesis by inhibiting the Raf/MEK/ERK1/2 
MAP kinase signaling pathway in endothelial cells.52 Preclinical studies in multiple tumor models have shown that in 
VEGF-A-induced vascular generation, both cANGPTL4 and nANGPTL4 have contrasting effects. Specifically, 
cANGPTL4 stimulation alone results in a mild vascular budding response, while a combination of low-dose VEGF-A 
with full-length ANGPTL4 or cANGPTL4 leads to a strong vascular generation response. In contrast, nANGPTL4 does 
not affect vascular budding and effectively inhibits VEGF-A-induced vascular generation.53 Another study demonstrated 
that cANGPTL4 binds and activates integrin α5β1-mediated Rac1/PAK signaling, contributing to endothelial 
disruption.54 This characteristic makes ANGPTL4 a potential target for treating vascular diseases, but precise regulation 
of specific segments is required.

Epithelial-Mesenchymal Transition (EMT)
The EMT is a well-established biological process implicated in pathological physiological phenomena such as tissue 
fibrosis, organ aging, and functional decline.55 During EMT, damaged epithelial cells can play a significant role as 
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a source of fibroblasts.56 Recent research from our team has unveiled that aging-related renal tubular epithelial cells 
exhibit an upregulation in ANGPTL4 protein levels, potentially further promoting renal fibrosis progression.35 Moreover, 
recent investigations have identified selective expression of ANGPTL4 in the fibroblast area of idiopathic pulmonary 
fibrosis lung tissue, concomitant with an increase in the expression of the myofibroblast marker α-SMA.57 Another study 
proposes that fibroblast-secreted ANGPTL4 may participate in the potential mechanism of heart failure with preserved 
ejection fraction (HFpEF) cardiac vascular dysfunction, offering promise as a prospective drug target.58 Furthermore, 
modulation of the ANGPTL4 gene has been shown to regulate the expression of CD163 and the TLR4/NF-κB signaling 
pathway, resulting in the suppression of Kupffer cell polarization and pro-inflammatory effects, and the inhibition of 
hepatic stellate cell activation and fibrosis.59 Clinical studies indicate a gradual rise in ANGPTL4 levels from acute 
infection to liver cirrhosis and hepatocellular carcinoma (HCC), peaking in the advanced fibrotic stage.60 A recent study 
discovered that targeting cANGPTL4 treatment can effectively inhibit the migration of fibroblast-like synoviocytes (FLS) 
and inflammation-induced osteoclastogenesis.61 Collectively, these findings indicate that ANGPTL4 could play a pivotal 
role as a key regulatory factor in the EMT process.

The EMT is also considered a crucial initiating stage in cancer metastasis.62 Targeted therapies directed at the EMT 
process show potential in impeding tumor progression.63 Recent investigations have highlighted the therapeutic potential 
of ANGPTL4 in inhibiting EMT and arresting cancer progression.64 Studies conducted by Gordon et al have demon-
strated that ANGPTL4 promotes EMT in pancreatic ductal adenocarcinoma while regulating the expression of APOL1 
and ITGB4 genes. Notably, their research revealed that elevated ANGPTL4 levels led to gemcitabine resistance in vitro 
and reduced survival rates in patients.65 Another study revealed that oleic acid-induced secretion of ANGPTL4 enhanced 
migration and invasion in head and neck squamous cell carcinoma. Depletion of ANGPTL4 in cells resulted in 
a significant reduction in levels of EMT markers such as vimentin, MMP-9, and fibronectin.66 Teo et al identified that 
the ANGPTL4/14-3-3γ signaling pathway functions through specific phosphorylation signals on target proteins to 
regulate cellular bioenergetics, manage energy demands, and enhance tumor EMT capability and metastasis.67 Overall, 
research targeting ANGPTL4 as a therapeutic intervention shows promise in developing more effective strategies for 
cancer treatment and fibrotic disease prevention and management. Further exploration is needed to elucidate the overall 
mechanism of action of nANGPTL4 and cANGPTL4 in the EMT process.

Oxidative Stress Interference
Oxidative stress, resulting from the generation of free radicals in the body, including reactive oxygen species 
(ROS) and reactive nitrogen species (RNS), is recognized as a significant factor in the aging process.68,69 Within 
this context, a complex interplay exists among ANGPTL4, free fatty acids (FFA), and ROS, collectively 
contributing to the regulation of lipid metabolism and energy homeostasis.70,71 Singh et al observed that the 
absence of ANGPTL4 in liver cells facilitated fatty acid uptake, leading to enhanced fatty acid oxidation, 
increased ROS production, and AMPK activation.72 Additionally, studies have demonstrated that dietary fatty 
acids and the stimulation of cardiac ANGPTL4 gene expression by PPARβ/δ form part of a feedback mechanism 
aimed at shielding the heart from lipid overload and oxidative stress induced by fatty acids.73 Conversely, the 
lipotoxicity associated with excessive FFA levels can trigger ROS generation, cell apoptosis, and inflammatory 
responses.74 Our investigations indicate that the deficiency of ANGPTL4 appears to mitigate FFA-induced ROS 
production in HK-2 cells.35

In cancer cells, ROS play a pivotal role in the regulation and induction of apoptosis, influencing cancer cell 
proliferation, survival, and resistance to treatment.75 A study has identified ANGPTL4 as a significant redox factor in 
cancer.76 Additionally, research has shown that depletion of ANGPTL4 leads to a notable suppression of NOX4 
expression and ROS production, offering a potential target for enhancing the prognosis of colorectal cancer metastasis 
patients with hyperlipidemia.77 Regrettably, current literature only suggests a correlation between ANGPTL4 and 
oxidative stress, with limited exploration into the specific mechanisms by which ANGPTL4 modulates ROS production. 
In this section, the cleavage state of ANGPTL4 has not been identified, and further experimental validation is needed to 
determine the relative contributions of the N-terminus and C-terminus.
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Senescence-Associated Secretory Phenotype (SASP)
SASP is recognized for its role in promoting chronic inflammation and triggering the aging process in normal cells.78 

ANGPTL4 is implicated in the context of chronic inflammation. In a clinical cohort study conducted by our research 
team, it was observed that in elderly frail patients, the levels of the SASP factor TNF-α were significantly and positively 
correlated with serum levels of ANGPTL4.79 Recent research suggests that the knockout of ANGPTL4 notably 
diminishes antigen-induced cell senescence promotion and reduces the expression levels of intracellular senescence 
markers such as IL-6, P16, and P21.80 Other studies have shown that aging zebrafish display heightened anxiety and 
increased central nervous system expression of ANGPTL4.81 Furthermore, augmented phosphorylation of ERK1/2 and 
increased expression of ANGPTL4 and the SASP factor IL-8 genes were observed in aging human skin fibroblasts and 
X-ray-induced aging hepatic stellate cells.82 Our prior investigations have also demonstrated that both free fatty acid- 
induced senescence in HK-2 cells and replicative senescence result in elevated levels of ANGPTL4 protein expression.35

Within the tumor microenvironment, senescent non-cancer cells exhibit secretory features under stress conditions, 
contributing to cancer progression and the development of chemotherapy resistance.83 Centrosome amplification is 
recognized as a pivotal driver in the oncogenesis and advancement of various malignancies. Recent investigations have 
unveiled that ANGPTL4 is now recognized as a SASP component, functionally linking cellular senescence, ROS-driven 
oxidative stress, and tissue-invasive behavior. This connection further highlights its involvement in age-related cancer 
progression and reinforces the regulatory importance of the ROS-HIF axis in ANGPTL4 activity.84 Additionally, scholars 
have highlighted ANGPTL4 as a critical late-stage regulatory gene product essential for the transition of cells arrested by 
CDK4/6 inhibitors into senescent cells capable of producing SASP.28 Further clinical and fundamental research is 
warranted to ascertain whether secreted ANGPTL4 can be delineated as a component of SASP.

In summary, the potential implications of ANGPTL4 in angiogenesis, the ETM process, modulation of oxidative 
stress, and involvement in SASP offer novel insights and avenues for the exploration and development of therapeutic 
strategies (Figure 2). ANGPTL4 plays a “double-edged sword” role in aging: on one hand, it may promote pathological 
remodeling driven by aging; on the other hand, it maintains vascular homeostasis, particularly exerting protective effects 
in endothelial and cerebral vascular aging.

While multiple studies have explored the potential role of ANGPTL4 in the aging process, there are still limitations. 
Firstly, many studies have not identified the cleavage state of ANGPTL4, and the molecular interaction mechanisms 
remain unclear. Secondly, tissue specificity and evolutionary conservation need to be verified. Future research can 
address these issues through a strategy that combines multi-omics integration, computational simulations (molecular 
docking), and experimental validation (SPR, CRISPR screening).

The Signaling Pathways Involved in ANGPTL4
The oligomerization and protein processing of ANGPTL4 have a significant impact on its in vivo biological activity, and 
these processes may exert their effects by influencing the interactions of ANGPTL4 with cells and its intracellular 
signaling pathways.85 Conducting further investigations into the regulatory mechanisms and interactions of the signaling 
pathways that ANGPTL4 participates in will enhance our comprehension of the underlying mechanisms through which 
ANGPTL4 operates in the pathogenesis and progression of diseases.

Peroxisome Proliferator-Activated Receptors (PPARs) Signaling Pathway
PPARs participate in regulating processes such as cellular lipid metabolism, inflammatory responses, and cell proliferation, 
closely associated with aging.86 The ANGPTL4 protein is sensitive to transcriptional control by fatty acids and fatty acid- 
activated PPARs.11 PPARγ forms a heterodimer with retinoid X receptor (RXR) and can specifically bind to the ANGPTL4 
promoter region to enhance its transcriptional activity.87 Activation of PPARα by ligands increases LPL activity by 
upregulating the expression of GPHBP1 and Lmf1, while reducing the expression of ANGPTL4 protein in proximal 
tubules, thus mitigating cisplatin-induced nephrotoxicity.88 A study revealed that astrocyte-specific knockout of ANGPTL4 
prevented the mitochondrial morphological changes in hypothalamic astrocytes induced by a high-fat diet and increased 
hypothalamic PPARγ mRNA levels.21 However, in C2C12 myoblasts, the deletion of PPARδ, rather than PPARγ, disrupted 
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the induction of ANGPTL4 mediated by long-chain fatty acids.89 Additionally, research by Adhikary et al has identified the 
involvement of the PPARβ/δ-ANGPTL4 pathway in the regulation of tumor cell invasion.90

Hypoxia Induced Factor-1α (HIF-1α) Signaling Pathway
HIF-1α is activated in response to hypoxia and plays a crucial role in regulating cellular adaptive responses to low 
oxygen levels. Dysregulated activation of the HIF-1α signaling pathway can exacerbate cellular aging processes and 
contribute to overall aging.91 ANGPTL4 is a gene that is induced by hypoxia and is subject to epigenetic regulation.92 

Recent studies have unveiled a reciprocal interaction between ANGPTL4 and HIF-1α, suggesting the potential of 
targeting this pathway as a novel therapeutic approach for renal interstitial fibrosis.93 In a hyperglycemic environment, 
the upregulation of ANGPTL4 induced by high glucose levels is reliant on the activation of HIF-1α triggered by elevated 
glucose concentrations both in vivo and in vitro.94 In both in vitro studies involving hypoxic Müller cells and in vivo 
investigations of the ischemic inner retina, ANGPTL4 is identified as a cytokine that is upregulated by HIF-α. This 
upregulation plays a critical role in enhancing vascular permeability within hypoxic Müller cells.95 Furthermore, 
investigations have indicated that the HIF-1α-mediated elevation of ANGPTL4 in adipose tissue, coupled with subse-
quent inactivation of lipoprotein lipase, may contribute to the development of atherosclerosis in individuals with sleep 
apnea.96

In the context of tumors, ANGPTL4 expression is prominent in hypoxic regions surrounding necrotic areas.97 Studies 
by Kang et al propose that nickel-induced accumulation of HIF-1α in lung cells, along with increased levels of 

Figure 2 The Relationship between ANGPTL4 and Mechanisms Related to Aging. 
Abbreviations: ROS, Reactive oxygen species; RNS, Reactive nitrogen species; SASP, Senescence-associated secretory phenotype.
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ANGPTL4, could be a mechanism through which nickel exposure accelerates the progression of lung cancer.98 

Additionally, Li et al have demonstrated that direct upregulation of ANGPTL4 expression by HIF-1α significantly 
enhances intravascular migration of HCC cells in vitro and promotes liver and distant lung metastases in vivo.99

Extracellular Signal-Regulated Kinase (ERK) Signaling Pathway
The ERK signaling pathway plays a pivotal role in governing cell proliferation, survival, and differentiation, exerting 
profound effects on cellular functionality and metabolic processes. Hyperactivation of the ERK pathway may disrupt 
normal cell proliferation and contribute to accelerated aging.100 Fine-tuned regulation of the ERK signaling cascade 
could potentially ameliorate tissue aging-related pathologies.101 The ERK signaling inhibitor U0126 demonstrates 
a potent ability to suppress the expression of ANGPTL4.102 Similarly, the inhibition of ERK1/2 signaling transduction 
with PD98059 significantly attenuates the pro-tumor cell survival function of ANGPTL4.103 Research has elucidated that 
ANGPTL4 can enhance psoriatic keratinocyte proliferation and inflammatory responses through the ERK1/2-dependent 
pathway.104 Furthermore, ANGPTL4 instigates the activation of cancer-associated fibroblasts within the tumor micro-
environment and facilitates EMT in colorectal cancer cells via the ERK signaling route.105 Moreover, ANGPTL4 plays 
a crucial role in the proliferation and metastasis of non-small cell lung cancer (NSCLC) cells, partly mediated by the 
downregulation of the ERK signaling pathway.106 Additionally, the study led by Zhang et al suggests that ANGPTL4 
may modulate clear cell renal cell carcinoma cell proliferation through the ERK/P38 pathway.107 In conclusion, 
a discernible crosstalk exists between ANGPTL4 and the ERK signaling pathway.

Toll-Like Receptor (TLR) Signaling Pathway
The TLR4 signaling pathway is involved in regulating immune responses and inflammatory reactions, and abnormal 
activation of the TLR4 signaling pathway may promote inflammation and accelerate the aging process.108 Furthermore, 
the expression of ANGPTL4 is subject to regulation by FFAs, which can stimulate pattern recognition receptors in 
macrophages, including TLR4.109 In vitro studies have shown that TLR3/4 activation notably enhances the expression 
and secretion of ANGPTL4 in macrophages.110 Additionally, research has elucidated that the TLR4/MyD88/NF-κB and 
calcineurin/NFAT signaling cascades are implicated in the upregulation of ANGPTL4 in podocytes following stimulation 
by lipopolysaccharide (LPS).111 Moreover, LPS-induced activation of the TLR4/IL-22/STAT3 signaling axis influences 
ANGPTL4 transcription, thereby enhancing lipid absorption in the intestine.112

Moreover, ANGPTL4 likely participates in additional signaling pathways across various diseases. Investigation into 
these signaling cascades serves to unveil the pivotal roles of ANGPTL4 in cellular biology and disease progression, 
alongside identifying potential therapeutic targets. Table 1 succinctly outlines the pivotal genes and associated diseases 
implicated in the aforementioned studies.

Table 1 Key Genes Interacting with ANGPTL4

Key Gene ANGPTL4 
Form

Cell/Tissue Disease Main Function and Impact

PPARα Binding Proximal renal tubules Cisplatin- 

mediated acute 
kidney injury

PPARα ligands improve cisplatin-induced nephrotoxicity by 

decreasing Angptl4 protein expression in proximal renal 
tubules

PPARγ Binding Hypothalamic astrocytes Obesity Knockout of Angptl4 in hypothalamic astrocytes promotes 
PPARγ expression, regulating fatty acid metabolism and 

mitochondrial function

PPARδ Secretory C2C12, Human skeletal 

muscle cells

Metabolic 

homeostasis

Human myotubes produce ANGPTL4 through PPARδ in 

response to long-chain fatty acid (LCFA) to regulate 

metabolic homeostasis

(Continued)

https://doi.org/10.2147/CIA.S522049                                                                                                                                                                                                                                                                                                                                                                                                                                                                Clinical Interventions in Aging 2025:20 918

Wang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Table 1 (Continued). 

Key Gene ANGPTL4 
Form

Cell/Tissue Disease Main Function and Impact

PPARδ/β Binding and 
Secretory

MDA-MB-231 Tumorigenesis PPARδ/β enhances tumor invasion and metastasis by 
upregulating ANGPTL4 expression in human breast cancer 

cells

PPARγ Secretory HTR8/SVneo, Umbilical 

vein endothelial cells

Preeclampsia ANGPTL4 is a direct target of PPARγ and mediates 

protective roles in preeclampsia via PPARγ activators

HIF-1α Binding Renal proximal tubule 

epithelial cells

Renal 

interstitial 

fibrosis

Interaction between ANGPTL4 and HIF-1α forms 

a regulatory loop promoting epithelial to mesenchymal 

transition and extracellular matrix (ECM) accumulation

HIF-1α profilin-1 Binding Human retinal 

microvascular endothelial 
cells

Diabetic retinal 

inflammation

Upregulation of ANGPTL4 by HIF-1α activates profilin-1 

signaling, increasing inflammation, permeability, and 
angiogenesis

HIF-1α Binding Adipocytes, adipose Atherosclerosis HIF-1α mediated increase in adipose Angptl4 and 
subsequent lipoprotein lipase inactivation may lead to 

atherosclerosis

HIF-1α Binding Tumour Lung Cell Lines Lung 

Tumorigenesis

Nickel-induced HIF-1α accumulation in lung cells increases 

ANGPTL4, possibly driving lung cancer progression

HIF-1α Binding and 

Secretory

Umbilical vein endothelial 

cells, HCC cells

Hepatocellular 

carcinoma

HIF-1α directly upregulates ANGPTL4, enhancing 

extracellular endothelial migration and liver/lung metastasis 
in HCC

ERK c-Myc Binding LN229 Malignant 
glioma

ERK-regulated transcription factor c-Myc upregulates 
Angptl4 expression in LN229-vIII cells and accelerates 

angiogenesis

ERK1/2 Binding A2780 ovarian cancer 

cells, OVCAR3

Ovarian cancer ANGPTL4 stimulates growth of ovarian cancer cells by 

activating the ERK1/2 pathway

ERK1/2STAT3 Binding Keratinocytes Psoriasis ANGPTL4 promotes keratinocyte proliferation and 

inflammatory responses in psoriasis via the ERK1/2 and 

STAT3-dependent pathways

ERK Binding Colorectal cancer and 

adjacent tissue

Colorectal 

cancer 
metastasis

DNA hypermethylation-induced downregulation of 

ANGPTL4, via ERK pathway, promotes cancer-associated 
fibroblast activation

ERK p38 Binding NSCLC tissue and non- 
tumor bronchial 

epithelial cells

Non-small cell 
lung cancer

ANGPTL4 induces epithelial-mesenchymal transition and 
promotes growth, migration, and invasion of lung cancer 

cells

NFIL3 

TLR4 

IL-22 
STAT3

Binding E. coli, ileum, epididymal 

white adipose

Adipose Lipid 

Dysmetabolism

NFIL3 enhances intestinal lipid uptake and promotes 

adipose tissue lipid accumulation via ileal TLR4/IL-22/ 

STAT3 signal

Wnt/β-catenin Binding C2C12 Skeletal Muscle 
Differentiation

LA inhibits ANGPTL4 through Wnt/β-catenin signaling, 
suppressing C2C12 differentiation

Smad/MAP BMP7 Binding HepG2 Hepatocellular 
carcinoma 

(HCC)

ANGPTL4 promotes HCC proliferation and migration by 
inhibiting ubiquitin degradation of the BMP7 and Smad/ 

MAPK pathways

(Continued)
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The Potential Application of ANGPTL4 as a Biomarker in Age-Related 
Diseases
The therapeutic use of antibodies directed against ANGPTL4 has shown promising potential in the management of 
hyperlipidemia.113 Furthermore, circulating levels of ANGPTL4 have garnered significant clinical research interest in 
both metabolic disorders and age-related diseases in recent years (Figure 3).

Table 1 (Continued). 

Key Gene ANGPTL4 
Form

Cell/Tissue Disease Main Function and Impact

RhoA/ROC NRP1/2 Binding Eyes Diabetic 
macular edema

ANGPTL4 binding to endothelial NRP1/2 causes rapid 
activation of the RhoA/ROCK pathway, disrupting 

endothelial cell junctions

NRP1/ABL1/PXN Binding Oral leukocytes, oral 

keratinocytes, HNSCC 

cell lines and tissues

Neck 

squamous cell 

carcinoma

ANGPTL4 induces migration of head and neck squamous 

cell carcinoma cells via the NRP1/ABL1/PXN pathway

Abbreviations: LCFA, long-chain fatty acid; ECM, extracellular matrix.

Figure 3 Association of Elevated Circulating ANGPTL4 Levels with Age-Related Diseases. 
Abbreviations: CKD, chronic kidney disease; CVD, cardiovascular disease; CAP, community-acquired pneumonia; ARDS, acute respiratory distress syndrome.
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Metabolism-Related Diseases
Deactivation of ANGPTL4 can significantly improve glucose tolerance, accompanied by an increase in insulin levels.114 

Studies have shown that elevated circulating levels of ANGPTL4 in diabetic patients are associated with inflammation 
and hypoxia.115 Gene simulations involving ANGPTL4 inhibition and LPL enhancement are associated with lower waist- 
to-hip ratios, improved insulin glucose metabolism, and a reduced risk of coronary heart disease and type 2 diabetes.116 

Furthermore, a clinical study observed that serum ANGPTL4 may act as a crucial link between elevated cholesterol in 
blood uric acid and triglyceride-rich lipoproteins. The correlation between serum uric acid (SUA) and triglyceride-rich 
lipoprotein cholesterol (TRL-C) disappeared after controlling for ANGPTL4 levels.117 In another cohort of obese 
participants, the ANGPTL4-E40K variant can prevent lipid abnormalities.118 The results of the aforementioned clinical 
studies suggest that the lipid-regulating factor ANGPTL4 holds value for predicting metabolism-related diseases.

Chronic Kidney Disease
Plasma levels of ANGPTL4 show promise as a valuable tool for both identifying and potentially reversing the 
progression of end-stage renal disease (ESRD).119 Studies have indicated that ANGPTL4 may contribute to kidney 
injury induced by hyperlipidemia through the downregulation of podocyte ACTN4 expression.120 In the elderly 
population, serum ANGPTL4 levels exhibit a negative correlation with estimated glomerular filtration rate (eGFR).79 

Furthermore, the circulating levels of ANGPTL4 in diabetic patients are significantly correlated with serum creatinine 
and eGFR levels.121 A cohort study involving 1,115 patients with type 2 diabetes demonstrated that elevated serum 
ANGPTL4 levels may serve as a clinically significant biomarker for diabetic nephropathy. Notably, mediation analysis 
revealed that triglycerides do not act as an intermediary factor in the association between ANGPTL4 and nephropathy 
progression, suggesting a direct or alternative mechanistic pathway linking ANGPTL4 to renal dysfunction in 
diabetes.122 A retrospective cohort study analysis found that the C allele of rs1044250 and the G allele of rs2278236 
in the ANGPTL4 gene are linked to a higher risk of severe proteinuria in kidney transplant patients.123 Utilizing an 
innovative quantitative flat-panel protein microarray technology, researchers have pinpointed Angptl4, L-selectin, and 
TGFβ1 in urine as promising candidate biomarkers for monitoring disease activity in lupus nephritis.124

Cardiovascular and Cerebrovascular Diseases
Several observational studies have underscored the potential of ANGPTL4 as a biomarker in cardiovascular disease 
(CVD).125,126 A recent study has demonstrated a positive correlation between the concentration of C-terminal domain- 
containing ANGPTL4 (CD-ANGPTL4) and levels of inflammation, the prevalence of diabetes, and cardiovascular 
mortality.127 Variants of ANGPTL4 have demonstrated possible associations with blood lipid levels and atherosclerotic- 
related conditions in the Han Chinese population.128 Serum levels of ANGPTL4 have been recognized as an independent 
risk factor for coronary artery disease (CAD),129 with higher levels of ANGPTL4 linked to a reduced risk of vascular 
events in acute myocardial infarction patients. The most prevalent functional variant of ANGPTL4, E40K,130 has shown 
consistent effects on metabolic heart diseases and enhanced lipoprotein lipase activity in recent research.131 Although 
some studies suggest that the E40K variant may not be independently correlated with plasma ANGPTL4 levels, its 
significance in cardiovascular diseases remains noteworthy.132

ANGPTL4 has been demonstrated to protect the integrity of the blood-brain barrier in cases of ischemic and 
thrombolytic injury,133 highlighting its potential as a target for vascular and brain protection in stroke.134 Integrating 
plasma ANGPTL4 into risk prediction models for acute ischemic stroke patients can enhance the accuracy of predicting 
combined outcomes such as death and severe disability, indicating the potential utility of ANGPTL4 in assessing stroke 
risk.135 Additionally, heightened serum levels of ANGPTL4 have been associated with the extent of ischemic stroke 
lesions, offering insights for further exploration of the role of ANGPTL4 in stroke pathogenesis.136 In a prospective study 
on chronic obstructive pulmonary disease (COPD) cohorts, elevated levels of ANGPTL4 were independently linked to 
compromised vascular health and higher NT-proBNP levels.137 In another cohort of rheumatoid arthritis patients, serum 
ANGPTL4 levels were positively and independently correlated with increased carotid intima-media thickness.138 
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Moreover, the expression levels of ANGPTL4 are significantly elevated in peripheral blood mononuclear cells (PBMCs) 
of Alzheimer’s disease (AD) patients, suggesting its potential as a peripheral biomarker for AD.139

Chronic Inflammation-Related Diseases
Chronic inflammation, recognized as a hallmark of the aging process, is intricately linked to aging.140 Clinical studies have 
indicated that the inflammatory marker CRP can be used to predict plasma levels of ANGPTL4 in individuals, with 
inflammatory triggers leading to increased expression of ANGPTL4 in macrophages.110 In a separate clinical study, 
elevated serum levels of ANGPTL4 were observed in patients with acute respiratory distress syndrome (ARDS), showing 
a close association with inflammatory markers IL-6 and TNF-α.141 The development of a predictive model based on serum 
ANGPTL4 levels has the potential to assess the severity of community-acquired pneumonia (CAP), paving the way for 
early interventions in CAP management.142 Research efforts have highlighted the increased expression of ANGPTL4 in the 
serum and pancreatic tissue of patients with pancreatitis, suggesting that targeting ANGPTL4 could be a promising 
approach in pancreatitis treatment.143 Moreover, the correlation between elevated serum ANGPTL4 levels and circulating 
RANKL indicates a potential role for ANGPTL4 as a novel marker for bone degradation in rheumatoid arthritis (RA).144

Tumor Lymph Node Metastasis
ANGPTL4 has been implicated in tumor lymph node metastasis, a critical process in cancer progression.145,146 Tumor 
cells undergo metabolic reprogramming of lipid metabolism to support metastasis.147 Studies have shown that leptin- 
induced phosphorylation of ANGPTL4 reduces its interaction with LPL, disrupting lipid homeostasis by elevating 
intracellular arachidonic acid levels, stimulating prostaglandin E2 (PGE2) production, and facilitating lymph node 
metastasis in gastric cancer.148 Additionally, ANGPTL4 has been associated with promoting an invasive cancer 
phenotype by upregulating the expression of matrix metalloproteinases (MMPs).149 Clinical cohort analyses have 
revealed that serum levels of ANGPTL4 exhibit superior predictive efficacy for vascular invasion and lymph node 
metastasis in cholangiocarcinoma patients compared to traditional markers such as CA199 and CEA.146 In an in vivo 
experiment, increased expression of ANGPTL4 in GSAS/N5 cells injected into the tongues of nude mice and subse-
quently harvested from metastasized lungs demonstrated heightened migratory activity.150

Notably, the different isoforms of ANGPTL4 play contrasting roles in cancer progression. While cANGPTL4 has 
been shown to promote tumor growth and metastasis, nANGPTL4 exerts inhibitory effects on metastasis by modulating 
Wnt signaling and reducing vascularization at metastatic sites, thereby enhancing overall survival rates in postoperative 
metastatic models.53 These findings suggest that ANGPTL4, as a potential novel biomarker, may aid in improving the 
accuracy of evaluating disease advancement and metastatic risk in cancer patients.

Taken together, as a multifunctional regulatory protein, ANGPTL4 is not only involved in age-related metabolic 
disorders and chronic inflammatory processes but also closely associated with the progression of various diseases. This 
dual role endows it with predictive value as a biomarker and intervention potential for targeted therapy. Compared to 
other aging markers, the core difference of ANGPTL4 lies in its multifunctionality and dynamic secretion characteristics. 
These features may render it more sensitive in metabolic-related aging diseases than traditional inflammatory markers. 
However, ANGPTL4 levels may also rise during acute injury or infection, necessitating clinical context interpretation to 
improve specificity. Our preliminary clinical studies suggest that combined analysis of ANGPTL4 with traditional aging 
markers may enhance predictive value for frailty status. Future validation through large-scale longitudinal cohort studies 
is needed to further confirm the independent predictive value of ANGPTL4.

Although targeted therapy for ANGPTL4 shows promise for translation, achieving a balance between efficacy and safety 
necessitates the use of selective inhibition techniques and precision medicine strategies, including patient stratification and 
local delivery. Currently, priority should be placed on advancing mechanistic research and validating early clinical trials.

Limitations of Current Clinical Studies
Despite the extensive focus of numerous clinical observational studies on the predictive value of circulating ANGPTL4 
in age-related disease occurrence, the current body of evidence lacks substantial support from large-scale cohorts or 
prospective longitudinal data (Table 2). Moreover, the current studies are predominantly conducted at single centers, 
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Table 2 Clinical Studies of Circulating ANGPTL4 Levels

Study Design Disease Participants Country or 
Region

Cases ANGPTL4 
type

Conclusion PMID

Prospective Diabetes British adults 
with diabetes 
who have 
underwent 
weight loss 
surgery

Exeter, England 13 Full-length ANGPTL4 may indicate the extent 
of liver steatosis in patients with 
diabetes

32112823

Cross-sectional Hyperuricemia Chinese adults Changsha, 
China

80 Full-length ANGPTL4 may mediate the 
interaction between elevated 
serum uric acid and triglyceride- 
rich lipoprotein cholesterol

35711366

Cross-sectional Frailty Young and older 
people in China

Shanghai, China 230 Full-length Serum ANGPTL4 levels are 
associated with frailty

38092160

Cross-sectional Diabetic 
Nephropathy (DN)

Kuwaiti adults 
with and without 
DN

Kuwait 122 Full-length 
C-terminal

Serum ANGPTL4 levels are 
associated with DN

31772941

Prospective Lupus nephritis (LN) American adults 
with and without 
LN

Baltimore & 
Bronx & Dallas, 
America

102 Full-length Urine ANGPTL4 is a potential 
biomarker candidate for tracking 
disease activity in LN

32651195

Cross-sectional Coronary artery 
disease (CAD)

Consecutive 
inpatients in 
China

Chengde, China 284 Full-length ANGPTL4 is an independent risk 
factor for CAD

38425231

Prospective Ischemic stroke Acute ischemic 
stroke patients in 
China

China 3379 Full-length 
C-terminal

Plasma ANGPTL4 levels are 
associated with poor prognosis in 
patients with acute ischemic stroke

33616301

Cross-sectional Large artery 
atherosclerotic 
stroke (LAA)

LAA stroke 
patients and 
controls in China

Taizhou, China 2149 Full-length Serum ANGPTL4 levels are 
associated with LAA

26944173

Prospective Chronic obstructive 
pulmonary disease 
(COPD)

COPD patients 
and controls in 
Germany

Grosshansdorf, 
Germany

252 Full-length 
C-terminal

Serum ANGPTL4 is independently 
associated with cardiovascular 
function in COPD

27933182

Cross-sectional Rheumatoid arthritis 
(RA)

Patients with RA 
and age-matched 
controls in Spain

Canary 
Island&Negrín, 
Spain

569 Full-length 
C-terminal

Serum ANGPTL4 levels are 
positively and independently 
associated with higher carotid 
intima-media thickness in 
rheumatoid arthritis (RA) patients

35488290

Cross-sectional Acute Respiratory 
Distress Syndrome 
(ARDS)

Patients with 
ARDS within 
24 hours of 
diagnosis and 
control subjects 
in China

Chengdu, 
Sichuan

88 Full-length 
C-terminal

ANGPTL4 levels were elevated in 
patients with ARDS and significantly 
correlated with disease severity and 
mortality

33900712

Cross-sectional Community-acquired 
pneumonia (CAP)

Patients with as 
CAP in China

Foshan, China 45 Unknown ANGPTL4 levels could predicting 
the severity of CAP

37821811

Cross-sectional RA British patients 
with RA

Oxford, 
England

19 Full-length 
C-terminal

ANGPTL4 may represent a novel 
marker for bone destruction in RA

25289668

Cross-sectional Cholangiocarcinoma 
(CCA)

CCA patients 
and controls in 
Thailand

Khon Kaen, 
Thailand

177 Full-length 
C-terminal

Serum ANGPTL4 could predict 
vascular invasion and lymph node 
metastasis of CCA patients

35392474

Abbreviations: DN, diabetic nephropathy; CAD, coronary artery disease; LAA, large artery atherosclerotic stroke; COPD, chronic obstructive pulmonary disease; RA, 
rheumatoid arthritis; ARDS, acute respiratory distress syndrome; CAP, community-acquired pneumonia; CCA, cholangiocarcinoma.
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primarily concentrating on Asian and European populations, resulting in a notable scarcity of data from African, Latino, 
and other populations, which could potentially restrict the generalizability of findings. Finally, a majority of studies have 
not stratified data by gender, overlooking potential gender disparities in the function of ANGPTL4 in lipid metabolism.

Concluding Remarks and Perspectives
At present, the causal relationship between ANGPTL4 dysregulation and the aging phenotype remains unclear. The 
mechanistic roles of nANGPTL4 and cANGPTL4 in age-related disease pathogenesis and progression are yet to be fully 
delineated across experimental and clinical studies. This significantly impedes the clinical application of ANGPTL4 
antibody therapy. Of particular note is the functional antagonism exhibited by the nANGPTL4 and cANGPTL4 
fragments, presenting a significant challenge for intervention strategies based on ANGPTL4. Future therapeutic devel-
opments should focus on the development of fragment-specific targeting techniques, such as selectively inhibiting protein 
cleavage processes or designing conformation-specific antibodies, rather than employing global regulatory strategies.

Circulating levels of ANGPTL4 may have the potential to serve as clinical biomarkers for age-related diseases. 
However, the current clinical research findings may lack generalizability, and the understanding of the association 
between ANGPTL4 and aging is still in its early stages. Further prospective clinical and experimental studies are 
warranted to validate its mechanism of action and potential clinical efficacy. Moreover, the presence of gender 
disparities151 and tissue-specific variations152–154 in ANGPTL4 levels and their influence on lipid metabolism could 
offer pivotal insights for the development of individualized therapeutic approaches. While ANGPTL4 shows significant 
potential in the field of aging-related disease regulation, existing clinical evidence, particularly data pertaining to the 
elderly population, still has notable limitations. This necessitates a cautious approach when interpreting its biological 
significance and clinical value.

Abbreviation
FIAF, Fasting-induced adipose factor; ANGPTL4, Angiopoietin-like 4; CCD, coiled-coil domain; FLD, fibrinogen-like 
domain; LPL, Lipoprotein lipase; PC, Proprotein convertase; AMPK, AMP-activated protein kinase; cANGPTL4, 
C-terminal fragment ANGPTL4; EMT, Epithelial-mesenchymal transition; SASP, Senescence-associated secretory 
phenotype; HFpEF, Heart failure with preserved ejection fraction; HCC, Hepatocellular carcinoma; ROS, Reactive 
oxygen species; RNS, Reactive nitrogen species; FFA, Free fatty acid; PPARs, Peroxisome proliferator-activated 
receptors; HIF-1α, Hypoxia induced factor-1α; RXR, Retinoid X receptor; ERK, Extracellular signal-regulated kinase; 
NSCLC, Non-small cell lung cancer; TLR, Toll-like receptor; LPS, Lipopolysaccharide; SUA, Serum uric acid; TRL-C, 
Triglyceride-rich lipoprotein cholesterol; ESRD, end-stage renal disease; eGFR, estimated glomerular filtration rate; 
CVD, cardiovascular disease; CD-ANGPTL4, C-terminal domain-containing ANGPTL4; CAD, coronary artery disease; 
COPD, chronic obstructive pulmonary disease; PBMCs, peripheral blood mononuclear cells; AD, Alzheimer’s disease; 
ARDS, acute respiratory distress syndrome; CAP, community-acquired pneumonia; RA, rheumatoid arthritis; PGE2, 
prostaglandin E2; MMPs, matrix metalloproteinases; nANGPTL4, N-terminal fragment of ANGPTL4.
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