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Abstract

Growth Differentiation Factor 15 (GDF15), a member of the transforming growth factor-beta superfamily, is highly expressed in response to
cellular stress, ageing, and various pathological conditions. As a key component of the senescence-associated secretory phenotype, it plays
important roles in modulating inflammation, mitochondrial dysfunction, energy metabolism, and appetite. It signals through the glial-derived
neurotrophic factor receptor alpha-like receptor in the brainstem to suppress appetite and modulate energy balance. Increasing evidence
supports that GDF15 exhibits dual and context-dependent functions in cancer, contributing to both tumor suppression and progression
through its regulation of cellular proliferation, metastasis, and interactions within the tumor microenvironment. Elevated GDF15 levels have
been observed in cardiovascular diseases, metabolic disorders, neurodegenerative diseases, and numerous malignancies, making it a
potential biomarker and therapeutic target for a spectrum of age-related and pathological conditions, including cancer. Emerging
therapeutic strategies targeting GDF15 encompass the use of agonists for obesity and antagonists for cachexia, either alone or in
combination with immunotherapy, reflecting its complex role in disease. A comprehensive understanding of its context-dependent roles
may shed light on fundamental disease mechanisms, offering a foundation for the development of innovative and personalized therapeutic
approaches.
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1. Introduction

Growth differentiation factor 15 (GDF15), a member of the transforming growth factor-beta (TGF-[3) superfamily, was first identified
from a complementary DNA (cDNA) library enriched for macrophage-related genes and was subsequently named macrophage
inhibitory cytokine-1 (MIC-1)l'l. In healthy human tissues, GDF15 expression is generally low, except in the placenta and prostate,
which has led to alternative names such as placental transforming growth factor-beta and prostate-derived factor!?. The glial-derived
neurotrophic factor receptor alpha-like (GFRAL), part of the GFR-0 receptor family within the TGF-3 superfamily, currently represents
the only well-characterized specific receptor for GDF15P. Under physiological conditions, circulating GDF15 crosses the blood-brain
barrier and binds to GFRAL in the area postrema and nucleus of the solitary tract in the brainstem, where it suppresses appetitel*l.
Metformin, the first-line therapy for type 2 diabetes, exerts its weight-lowering effect through kidney-derived GDF15°.. Moreover,
GDF15 is a key molecule for embryo implantation and survival, yet it is simultaneously a major contributor to pregnancy-associated
nausea and vomiting®l.

Notably, possibly distinct from the classical GDF15-GFRAL signaling pathway, GDF15 expression is frequently upregulated in various
conditions, including diverse tumors!®®l, infections and sepsis[’]l, as well as numerous age-related diseases such as cardiovascular
disorders!'”l and chronic kidney and lung diseases!!!l. As a key factor secreted by senescent cells exhibiting the senescence-associated
secretory phenotype (SASP)!'?], GDF15 emerges as the focus of this review, particularly regarding its role in chronic low-grade
inflammation and the resulting immunosuppression and tumor-associated immunosenescence.

2. Chronic Inflammation-Driven GDF15 Induction Links Ageing to Age-Related Diseases

2.1 GDF15 as a hallmark of ageing and senescence

Recent evidence have highlighted a strong association between GDF15 and ageing. A cohort study showed that serum GDF15 levels,
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similar to telomere length, can independently predict all-cause mortality regardless of genetic background!'®l. In line with this,
elevated circulating GDF15 in older adults has been linked to monocyte dysfunction, suggesting a role in immune decline during
ageing!'Yl. Mechanistically, GDF15 is upregulated in chronic inflammation and implicated in various age-related diseases. A
comprehensive multi-tissue transcriptomic analysis further identified it as a key aging biomarker with high predictive value across
tissues, particularly in cardiometabolic organs such as the heart, liver, skeletal muscle, and adipose tissue, where its levels correlate
with clinical indicators of metabolic health!!>l

2.2 Transcriptional regulation of GDF15 in senescence

Multiple cellular stress signals—including amino acid deprivation, hypoxia, mitochondrial stress, and endoplasmic reticulum
stress—activate activating transcription factor 4 (ATF4). ATF4 forms a heterodimer with CCAAT/enhancer-binding protein homologous
protein (CHOP) via phosphorylation of eukaryotic initiation factor 2 alpha (eIlF2a), enhancing GDF15 transcription!'®'7l. Notably,
hypoxia can induce GDF15 expression through CHOP-dependent mechanisms independent of p53 or hypoxia-inducible factor 1
(HIF-1)U8],

The GDF15 promoter region contains binding sites for several transcription factors, including specificity protein 1, early growth
response protein 1 (Egr-1), p53, and chicken ovalbumin upstream promoter transcription factor 1 (COUP-TF1)[!*2°], Furthermore,
peroxisome proliferator-activated receptor y (PPARY) ligands enhance GDF15 expression via interactions with Egr-1 and ATF-3/4[21.22],
In cardiovascular disease, C-reactive protein stimulates GDF15 expression in endothelial cells through the p53 pathway!?3l

However, the potential mechanism of GDF15 functions in cellular senescence still needs further exploration. Park et al. reported that
GDF15 expression significantly increased in human aortic endothelial cells (HAECs) following exposure to ionizing radiation; viral
overexpression of GDF15 in HAECs induced the generation of reactive oxygen species (ROS), triggering senescence through the
ERK/p16 signaling pathway?*l.

2.3 Organelle-specific context of GDF15 function

2.3.1 GDF15 as a key mediator of mitochondrial stress response and homeostasis

Mitochondrial dysfunction is a hallmark of cellular senescence and plays a critical role in ageing process[?>?¢l. Under stress, misfolded
proteins accumulate within mitochondria and activate the mitochondrial unfolded protein response (UPR), which upregulates
nuclear-encoded chaperones and mitokines such as GDF157), In cases of impaired oxidative phosphorylation, CHOP-dependent
transcription further enhances GDF15 expression!?8l. Functionally, GDF15 helps maintain mitochondrial homeostasis by stabilizing
membrane potential, reducing oxygen consumption, limiting mitochondrial DNA release, and alleviating damage!?>°-311 (Table 1).

Table 1. Key molecular mechanisms of GDF15 in regulating mitochondrial function.

Regulatory Mechanism Key Molecule Pathways Biological Effects Pathological Significance

Energy Metabolism Activation of AMPK-PGC-1a 1 Fatty acid oxidation, Ameliorates NAFLD/NASH
pathway | Gluconeogenesis

Antioxidant Defense Upregulation of SLC7A11/GPX4 T Glutathione synthesis, Inhibits ferroptosis; Combats
axis | Lipid peroxidation chemoresistance

Mitochondrial Dynamics  Regulation of MFN2/DRP1 balance  Balanced mitochondrial fusion/fission ~ Maintains mitochondrial network integrity

Mitochondrial Quality Enhancement of PINK1/Parkin T Mitophagy, Clearance of damaged Neuroprotection; Delays ageing

Control pathway mitochondria

GDF15: growth differentiation factor 15; AMPK-PGC-1a: AMP-activated protein kinase-peroxisome proliferator-activated receptor gamma coactivator 1-alpha; 1 :increased;
| : decreased; NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; SLC7A11: solute carrier family 7 member 11; GPX4: glutathione peroxidase 4;
MFN2: mitofusin 2; DRP1:dynamin-related protein 1; PINK1: PTEN-induced kinase 1.

A variety of mitochondrial stressors, including electron transport chain defects, mtDNA mutations, and proteostasis imbalance, can
robustly induce GDF153%33 In mitochondrial myopathy models, GDF15 expression increases over tenfold in response to mtDNA
deletions, correlating with the level of stress response activation!®3-*!l. Mechanistically, mitochondrial dysfunction triggers the
integrated stress response and UPR, particularly via the elF2a-ATF4/ATF5-CHOP pathway, which directly promotes GDF15
transcriptionl?*3°,

The functional significance of GDF15 is evident in knockout models. GDF15-deficient fibroblasts show impaired oxidative
phosphorylation, increased reactive oxygen species, and decreased membrane potential®®l. In endothelial cells, its absence
accelerates ageing phenotypes such as increased senescence markers and reduced proliferation!>. In mice with muscle-specific
mitochondrial dysfunction, elevated tissue and circulating GDF15 levels indicate its role as a systemic stress signall®3-37,
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Beyond its role in stress signaling, GDF15 supports mitochondrial metabolic regulation. In hepatocytes, it activates AMP-activated
protein kinase-Peroxisome proliferator-activated receptor gamma coactivator 1-alpha signaling to enhance fatty acid oxidation and
reduce lipid accumulationl**l. In adipose tissue, it promotes browning and increases energy expenditure via mitochondrial
uncouplingll.

GDF15 also regulates mitochondrial morphology and quality control. It modulates the Mitofusin 2/Dynamin-Related Protein 1 balance
to maintain network integrity and reverses pathological mitochondrial fission in NASH models!‘®-*!l. Moreover, it promotes mitophagy
through the PTEN-induced kinase 1/Parkin pathway, enhancing the clearance of damaged mitochondria and limiting apoptotic
signaling, especially in ageing tissues!’>3,

Collectively, these findings highlight GDF15 as both a sensor and effector of mitochondrial stress, linking organellar dysfunction to
systemic ageing responses. Its multifaceted roles in mitochondrial maintenance, energy metabolism, and quality control underscore
its potential as a therapeutic target in age-related metabolic decline.

2.3.2 GDF15 interaction with endoplasmic reticulum (ER) stress

The ER, a critical organelle for protein synthesis, folding, and modification, undergoes the UPR upon functional disturbance, which is
associated with various diseases. Research finds that GDF15 plays an important role in alleviating ER stress. In adipose tissue,
neurotensin-neurotensin receptor 2 (NTS-NTSR2) signaling regulates ceramide metabolism via GDF15, impacting ER stress levels.
Specifically, NTSR2 deletion leads to the accumulation of ceramides C20~C24, activating the PERK-elF20-ATF4 pathway and inducing
ER stress; conversely, GDF15 can reduce ceramide levels and alleviate the stress statel’*l.

In the context of liver pathology, ER stress and mitochondrial dysfunction create a vicious cycle. Hepatocytes in non-alcoholic fatty
liver disease (NAFLD) patients exhibit both ER stress and mitochondrial dysfunction. Glucagon-like peptide-1 (GLP-1) receptor
agonists (such as liraglutide) significantly improve ER stress in hepatocytes by inducing GDF15 expression!*>°l. Clinical studies show
that NAFLD patients with diabetes treated with liraglutide for 26 weeks exhibit significant increases in serum GDF15 levels, reductions
in intrahepatic lipid (IHL) content, and an inverse correlation between changes in GDF15 and IHL[*7l. Relevant literature reports that
GDF15 deficiency diminishes the protective effect of the GLP-1 analog Exendin-4 against palmitate-induced ER stress!*®l.

These findings position GDF15 as a crucial mediator between ER stress and metabolic regulation. By modulating lipid signaling and
stress response pathways, GDF15 contributes to cellular resilience in metabolic disorders such as NAFLD.

2.3.3 GDF15 regulation of lysosomal function

Lysosomes, as cellular degradation centers, exhibit a close interplay between their biogenesis/function and GDF15. Studies indicate a
bidirectional regulatory relationship between the transcription factor, transcriptional factor EB (TFEB) (the master regulator of
lysosomal biogenesis), and GDF15[*°l. Under lysosomal stress conditions, TFEB is activated and translocated to the nucleus, where it
directly binds to the GDF15 promoter region, inducing its expression!*>*°l. Conversely, GDF15 influences TFEB activity and lysosome
biogenesis via the mTORC1 signaling pathway. In obesity models, GDF15 treatment increases TFEB nuclear translocation in the liver,
elevates lysosome numbers, and enhances autophagic-lysosomal pathway function[**->1l,

2.3.4 GDF15 regulation of nuclear gene expression

In addition to its role as a secreted protein, GDF15 also exerts nuclear functions via its precursor form harbouring a nuclear
localization signal that facilitates its translocation into the nucleus, directly influencing gene expressionl>?l, Research has found that
the GDF15 precursor protein accumulates within the nuclei of various cell types, interacting with histone-modifying enzymes to
regulate stress-response-related genes. In senescent cells, levels of the nuclear GDF15 precursor protein increase before forming a
complex with p53, enhancing the expression of senescence-associated genes like p2153,

2.4 Diverse functions of GDF15 in senescence and age-related diseases

A number of studies has demonstrated that increased GDF15 is critically involved in various age-related diseases, including heart
failurel>Y, Alzheimer diseasel>®), sarcopenial>l, diabetesl>’! and even psychosocial disordersl>®-*°l. At present, numerous studies are
using large-scale proteomics (plasma) to identify inflammation-related markers in these diseases, with particular attention to GDF15
as a potential predictor of diseases progression and clinical outcomes. Several models have been established in this context[®0-¢5],
Table 2 summarizes the clinical value of GDF15 in common age-related diseases.

Table 2. Clinical significance of GDF15 in age-related diseases.

Age-related diseases GDF15 cutpoints Clinical Significance Reference

Atherosclerotic cardiovascular disease < 1,200 ng/L increased rate of cardiovascular death [58]
1,200-1,800 ng/L
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> 1,800 ng/L
Chronic heart failure < 2,000 ng/L increased rate of all-cause mortality [66]
> 2,000 ng/L
Alzheimer disease dementia / increased rate of all-cause dementia [67]
Dementia / increased rate of all-cause dementia [68]
Sarcopenia and frailty <1,541 ng/L Diagnostics [67]
> 2,166 ng/L
Frailty / Diagnostics [68]

GDF15: growth differentiation factor 15.

Recent studies also suggested that GDF15 may function as an upstream regulatory molecule of sirtuin 1 (SIRT1), a trigger of ageing
related pathwaysl®l. Cell senescence concludes the poor fracture prognosis and may even lead to muscle atrophy. Falvino et al.
showed that SASP (GDF15, IL6, TNF-Q) is increased while SIRT1 is down-expressed in fractured patients, indicating a potential
correlation between GDF15 and SIRT1 in cell senescencel’?l. Moreover, Cheng et al. identified GDF15 as a mediator of aged
perivascular adipose tissue (PVAT), which can increase risks of cardiovascular diseases!’!l. Aged PVAT, compared to young PVAT, can
enhance the paracrine of GDF15, which down-regulates the AMPK/SIRT1 signaling in aortas, thus activating the vascular ageing
hallmarks.

These results brought by GDF15 appear to be more pronounced in young vasculature that are treated. In addition, Xiong, W.P. et al.
demonstrated that destabilization of GDF15 mRNA by circLPAR1 activates the SIRT1/Nrf-2/HO-1 axis, thus exacerbating inflammation
and oxidative stress in Alzheimer’s diseases!’?.. The GDF15 regulatory effect of Nrf-2 is validated in spinal cord injury!’?l. GDF15 has also
been shown to inhibit neuronal ferroptosis through p62-dependent Keap1-Nrf2 pathway, and silencing and knocking down GDF15
will enhance the neuroinflammation. Interestingly, evidence suggests a bidirectional regulatory relationship between GDF15 and
Nrf2. Satta et al. reported that the Nrf2-OSGIN1&2-HSP70 pathway in coronary artery endothelial cells will be activated after
prolonged exposure to cigarette smoke extract and tumor necrosis factor alpha (TNF-a), hence upregulating the GDF15 expression!’’l,
The protective role of GDF15 has also been validated in acute lung injury and hypoxia-reoxygenation-induced vascular damages,
which are not aged-related diseases!’>7°l.

An intriguing aspect of GDF15 biology lies in its multiple diverse effects under different circumstances!’’l, which may be attributed to
the differential activation of SIRT1 related pathways. The receptor of GDF15 may be the key which SIRT1 related pathway will be
activated!’”). The multifaceted roles of GDF15 are exhibited in the various complications of diabetes. In the research of Almohaimeed
et al., treating the rats with diabetic cardiomyopathy with metformin can increase the expression of Klotho and GDF15 by shifting the
macrophages polarization!’®l. Researchers believe that despite elevated GDF15 levels in diabetic patients compared to non-diabetic
individuals, GDF15 may be involved in cell survival and tissue repair by exhibiting a cardioprotective effect. In another study, Alonazi
et al. used liposomal clodronate to treat rats with diabetic nephropathy and observed a downregulation of inflammatory and
oxidative makers, including GDF15, followed by the macrophage polarization towards the anti-inflammatory phenotypel”’.

The expression pattern of GDF15 may keep varying®’l. Regional variations in GDF15 expression have been observed across different
brain areas, and differences in GDF15 protein maturation have been reported in patients with Alzheimer’s disease. Although
anti-GDF15 therapy has showed the surprising outcomes in recent clinical trials for cancer cachexial®'-*%, the unclear role of GDF15 in
cellular senescence calls for a comprehensive reevaluation of GDF15-based treatment strategies. The diverse functions of GDF15 raise
the question of what determines its specific role in senescence. In other words, GDF15 expression is not simply a matter of
upregulation or downregulation; instead, it requires in-depth investigation across various age-related diseases and stages of disease
progression. This complexity poses significant challenges for the use of GDF15 as a reliable biomarker for disease progression and
prognosis, as well as for its development as a potential therapeutic target.

Inflammation induced by various stressors promotes the production of GDF15, which primarily acts through the GFRAL-RET
co-receptor to activate classical pathways such as MAPK/ERK, PI3K/AKT, and PLCY/PKC. Activation of these pathways can influence
neuronal activity and satiety signaling, regulate metabolism, and ultimately lead to muscle atrophy, fat loss, and frailty. Concurrently,
these pathways also promote proliferation and migration in tumors. However, unlike the well-defined GFRAL-RET co-receptor, the
specific receptor mediating the effects of GDF15 in tumors remains unclear (Figure 1).
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Figure 1. Classical pathways activated by GDF15. Created in https://BioRender.com. GDF15: growth differentiation factor 15; GFRAL: glial-derived neurotrophic factor
receptor alpha-like; RET:Rearranged during transfection ; RAS: Rat sarcoma virus oncogene; GTP: guanosine triphosphate; PLCy: phospholipase C gamma; ERK: extracellular

signal-regulated kinase; AKT: protein kinase B; PKC: protein kinase C.

3. GDF15 as a Potential Target to Overcome Tumor Therapy Resistance

3.1 GDF15 displays dual activities in cancer biology

Some of the pathways through which GDF15 exerts its effects in tumors overlap with those involved in metabolic regulation and
cellular senescence (Figure 1). In specific contexts, GDF15 may exhibit anti-tumorigenic properties by inducing apoptosis, thereby
suppressing tumor initiation and growth. For instance, in colorectal cancer, GDF15 acts as a tumor suppressor by inhibiting the
B-catenin and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-KB) pathways through interaction with epithelial
cell adhesion molecule (EpCAM)[®3l. However, in advanced-stage cancers, plasma levels of GDF15 are markedly elevated, which
facilitates tumor invasion and metastasis. GDF15 promotes the proliferation and dissemination of pancreatic ductal adenocarcinoma
(PDAC) via the TGF3-Smad2/3 signaling pathway!®!l. Conversely, GDF15 depletion has been shown to inhibit cervical cancer
progression by suppressing the same TGFf-Smad2/3 axis[®*l. Similarly, GDF15 inhibition has been reported to slow gastric cancer
progression by modulating the STAT3 pathway, thereby blocking epithelial-mesenchymal transition (EMT)[®%. Recent studies show
that GDF15 upregulates key glycolytic gene-glucose transporter 1 (GLUT1), promoting the Warburg effect; correspondingly, GDF15
knockdown markedly suppresses tumor growth, while its overexpression accelerates progression®’l. In most cases, GDF15 is
considered to promote cancer progression, particularly in advanced-stage tumors. The observed anti-tumor effects of GDF15 could
be related to the molecular subtype evolution during the transition from early- to late-stage disease, or to the heterogeneity across
different cancer types.

3.2 GDF15is involved in tumor angiogenesis.

The pro-angiogenic role of GDF15 is primarily observed in ischemic heart disease, where it contributes to reduced mortality and
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improved clinical outcomes!®3l. However, angiogenesis supports tumor growth and provides a potential route for metastasis, making
anti-angiogenic therapy widely applied in the treatment of various tumors/®’l. In human umbilical vein endothelial cells (HUVECs),
GDF15 promotes angiogenesis via the HIF-10/vascular endothelial growth factor (VEGF)-dependent signaling pathway. Knockdown of
hypoxia-inducible factor-1a (HIF-10) using small interfering RNA (siRNA) abolishes GDF15-mediated angiogenic effects and suppresses
VEGF expression”’l. In glioblastoma multiforme (GBM), radiation-induced GDF15 is essential for the cross-talk between endothelial
cells and GBM cells and promotes angiogenesis!®!l. In hepatocellular carcinoma (HCC), the pro-angiogenic role of GDF15 is mediated
through activation of proto-oncogene tyrosine-protein kinase Src (Src) and its downstream effectors AKT, MAPK, and NF-KB, which
can be inhibited by thalidomidel®?l.

3.3 GDF15 contributes to chemotherapy resistance

Chemotherapy has been shown to induce GDF15 secretion from human pancreatic stellate cells, thereby contributing to
chemoresistance in PDACI’. In breast cancer, GDF15 promotes drug resistance through activation of the FOXM1 pathway!”*l. Notably,
GDF15 secretion occurs specifically during the drug-tolerant persistence phase and is absent in cells sensitive to eribulin, a
chemotherapeutic agent used for advanced breast cancer. Further studies have demonstrated that combining eribulin with GDF15
inhibitors enhances treatment efficacy in breast cancerl’>l. GDF15 post-transcriptionally regulates Nrf2 protein stability via the
canonical PI3K/AKT/GSK3f signaling pathway, while Nrf2, in turn, acts as a transcription factor to promote GDF15 expression,
forming a positive feedback loop that maintains redox homeostasis and contributes to oxaliplatin resistance in colorectal cancer
(CRO)™°L. As a metabolic regulatory factor, GDF15 can also promote chemoresistance through metabolic modulation. For example, in
esophageal squamous cell carcinoma (ESCC), GDF15 enhances resistance to cisplatin by upregulating the expression of
UDP-glucuronosyltransferase 1A (UGT1A) family enzymes!”7l. Additionally, GDF15 modulates ferroptosis-related pathways, protecting
cancer cells from ROS-induced damage and thus supporting their survival under therapeutic stress; inhibition of GDF15, however,
enhances the sensitivity of MSI-H CRC to 5-FU therapy!’8l. Molecular mechanism studies show that GDF15 can reverse the
MTX-induced downregulation of SLC7A11/GPX4, decrease the expression of ferroptosis marker proteins ACSL4 and PRDX3, and
elevate SLC7A11 mRNA levels!*”l.

3.4 GDF15 plays a key role in the tumor immune microenvironment

3.4.1 GDF15-mediated immunosuppressive pathways in ageing and immunosenescence

Ageing is associated with increased immunosuppression and immunosenescence. Several studies have demonstrated significant
age-related increases in immunosuppressive cells-such as myeloid-derived suppressor cells, regulatory T cells (Tregs), and M2
macrophages-in the circulation, immune organs, and peripheral tissues of both humans and rodents!!?-1°1]. Senescent cells evade
immune surveillance partly through the upregulation of inhibitory immune checkpoint ligands on T cells, NK cells, and
macrophages!!®%1%], For example, programmed death-ligand 1 (PD-L1) expression increases in multiple tissues during ageing,
enabling senescent pulmonary fibroblasts to escape PD-10 cytotoxic T cells!!®l. GDF15, secreted abundantly by senescent cells!'?,
contributes to this immunosuppressive environment. GDF15 induces PD-L1 expression!'?Y], thereby facilitating immune evasion and
sustaining senescent cell survival in aged tissues. Notably, GDF15 has been identified as a component of SASP. During early
tumorigenesis or initial therapeutic interventions, SASP factors such as IL-10, IL-6, CCL2, and CXCL10 may enhance local
inflammatory responses and promote immune clearance. In contrast, at advanced stages or during therapeutic resistance, SASP
components including TGF-B and IL-10 facilitate the establishment of an immunosuppressive TME through multiple mechanisms!%!,
with GDF15 implicated as a participant in this process.

Although the exact mechanisms remain unclear, one proposed pathway involves GDF15-mediated activation of the
hypothalamic-pituitary-adrenal (HPA) axis. GDF15 stimulates glucocorticoid secretion via GFRAL signaling, as evidenced by studies in
mice where GFRAL blockade prevented this responsel!*>l. Additionally, as a non-specific inducer of TGF-f signaling, GDF15 may exert
a significant portion of its immunosuppressive effects through TGF-3-dependent pathways.

Unlike established immune checkpoints such as PD-1/PD-L1 and CTLA-4, which are membrane-bound proteins, GDF15 is a secreted
protein, with its functions potentially more complex than those of traditional immune checkpoints due to its capacity for distal effects
and systemic actions of secreted proteins. Other studies have indicated that GDF15 exerts multifaceted roles both intracellularly and
extracellularly, further increasing the challenge of elucidating its detailed and specific mechanisms!'%°.

3.4.2 GDF15 promotes Treg expansion and function

GDF15 signaling enhances the generation and functional capacity of Tregs via multiple mechanisms, including the upregulation of
indoleamine 2,3-dioxygenase (IDO), which induces FoxP3 expression and promotes Treg development!'?°l, Furthermore, it drives the
conversion of naive CD4' T cells into induced Tregs (iTregs) by engaging CD48 and inhibiting the ERK-AP-1 pathway downstream of
the TCRU?7l. Unlike TGF-f3, GDF15 does not alter FOXP3 mRNA levels but prevents FOXP3 ubiquitination, thereby enhancing the
suppressive function of natural Tregs (nTregs) and supporting iTreg induction!!°8l. Multiple studies confirm that GDF15 promotes
Treg-mediated suppression of conventional T cells!*3l.
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3.4.3 GDF15 suppresses dendritic cells maturation and antigen presentation

Dendritic cells (DCs) serve as pivotal initiators of antigen-specific immune responses. GDF15 impairs DC function by inhibiting surface
protrusion formation, and downregulating maturation markers and co-stimulatory molecules thereby limiting T cell and cytotoxic T
lymphocyte (CTL) activation!'?”l. In ovarian cancer, GDF15 targets CD44 on DCs, weakening their immunostimulatory capacity and
promoting immune evasion!!'!l, Similarly, in HBV-related HCC, elevated GDF15 suppresses DC-mediated antigen presentation,
contributing to recurrence and poor prognosisl!1l,

3.4.4 GDF15 modulates tumor-associated macrophage (TAM) phenotype and function

Tumor hypoxia boosts the recruitment and polarization of GDF15-secreting TAMs, enhancing chemoresistance in CRC cells(!'?. In
HCC, tumor-derived GDF15 aids immune in escaping by inhibiting the TAK1-NF-KB pathway in macrophages, lowering TNF and nitric
oxide production, and weakening macrophage activityl!'>!14l, Besides, GDF15 drives macrophage polarization to the M2 phenotype,
supporting tumor proliferation and invasion, and alleviating metabolic syndrome features!''>!1°l, In esophageal squamous cell
carcinoma (ESCC), recombinant GDF15 promotes tumor growth via activating intracellular PI3K/AKT and MEK/ERK signaling
pathways, and increasing macrophage infiltration directed by cancer-transformed normal cells!!"l,

3.4.5 GDF15 impairs natural killer (NK) cells and cytotoxic CD8* T cells Mediated Immunity

Natural killer (NK) cells and CD8" T cells cytotoxicity constitutes a critical component of anti-tumor immunity!' . In colon cancer,
GDF15 promotes immune evasion by reducing NK cell cytotoxicity through acetylation-dependent regulation of its expression!!!°],
Similarly, GDF15 is overexpressed in malignant gliomas and contributes to NK cell evasion, although the mechanisms remain to be
fully elucidated!(*?). Moreover, GDF15 impairs the trafficking of cytotoxic CD8" T cells by disrupting LFA-1/B2-integrin-mediated
adhesion to activated endothelial cells, which is essential for T cell infiltration into tissues. This effect has been confirmed through in
vitro experiments, mouse models, and human melanoma samples!'?!l. These findings highlight the potential of anti-GDF15 therapies
to improve antitumor immunity. The role of GDF15 in regulation of cancer and the microenvironment is briefly illustrated (Figure 2).
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Figure 2. The sources and functions of GDF15 in tumor microenvironment. Created in https://BioRender.com. GDF15: growth differentiation factor 15; PI3K:
Phosphoinositide 3-Kinase; AKT: Protein Kinase B; GSK38: glycogen synthase kinase 3; Nrf2: Nuclear factor E2-related factor 2; GPX4: glutathione peroxidase 4; TGF-8:

transforming growth factor-beta; STAT-3: signal transducer and activator of transcription 3; EMT: epithelial-mesenchymal transition; MAPK: mitogen-activated protein kinase.

GDF15 in the tumor microenvironment may originate from tumor cells, cancer-associated fibroblasts (CAFs), or immune cells such as
M2 macrophages. GDF15 exerts a complex regulatory role within the tumor microenvironment, contributing to tumor growth,
angiogenesis, and metastasis. It also promotes therapeutic resistance by mediating ferroptosis resistance, facilitating EMT, and
negatively regulating immune responses (Figure 2).
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4. Conclusion and Perspective

GDF15 exhibits pleiotropic biological functions, playing roles in ageing, pregnancy, stress response, immunosuppression, and various
chronic diseases, although some findings remain contradictory. As our growing insight into its physiological and pathological roles
deepens, GDF15 is increasingly regarded as a promising therapeutic target for metabolic disorders and malignancies, even though
most related therapies remain in clinical trial phases.

The long-acting receptor agonist LY3463251 (NCT03764774) has shown appetite and food intake suppression with modest weight loss,
independent of nausea and emesis![!??l. Conversely, as previously noted, GDF15 antagonists have shown efficacy in ameliorating
cancer cachexial®!#2l, Recent clinical trials increasingly explore GDF15-neutralizing antibodies as components of anti-cancer therapy
in advanced malignancies, beyond their traditional role in managing cachexia. In 2025, the first-in-human phase 1/Ila study
(GDFATHER-1/2a trial, NCT04725474)l'?3] evaluated the use of the neutralizing anti-GDF15 antibody visugromab (CTL-002) in
combination with the anti-PD-1 antibody nivolumab in patients with advanced cancers that were refractory to prior anti-PD-1 or
anti-PD-L1 therapy. In the phase I cohort and phase Ila cohorts for non-small cell lung cancer (NSCLC) and urothelial carcinoma (UC),
objective responses were observed in 4/25 (16%), 4/27 (14.8%), and 5/27 (18.5%) patients, respectively. In contrast, another phase 1/1la
open-label study (NCT05397171)l'>!] assessing AZD8853 monotherapy showed no objective responses in solid tumor patients; only 5
out of 16 patients (31.3%) achieved stable disease, suggesting that monotherapy targeting GDF15 alone may not be the optimal
strategy. GDF15 antagonists, as novel anti-tumor therapeutics, still face several challenges. First, although two clinical studies have
indicated a basic safety profile, the limited sample sizes of these phase I/11a trials may not have revealed all potential risks. Second,
regarding efficacy, while numerous preclinical studies from different laboratories have reported promising anti-tumor effects of
GDF15 inhibition, clinical trials suggest that these effects may be overestimated; GDF15 blockade might serve only as a sensitizing
strategy to enhance the efficacy of immunotherapy or conventional chemoradiotherapy. In future clinical practice, patient selection,
potentially guided by tissue or liquid biopsy, may help identify those who could benefit most from GDF15-targeted therapy, such as
patients with high GDF15 expression levels.

Collectively, current evidence underscores the multifaceted roles of GDF15 and highlights its therapeutic potential across diverse
pathological contexts. Nonetheless, rigorous mechanistic investigations and biomarker-guided clinical trials will be essential to
delineate its optimal applications, thereby advancing GDF15 modulation from an emerging concept toward a clinically actionable
strategy.
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