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Progranulin is a pleiotropic growth factor with important physiological roles in embryogenesis and maintenance of adult

tissue homeostasis. Progranulin pleiotropic action depends on its modular structure and its ability to interact with a broad

range of molecules, including extracellular soluble proteins, components of the extracellular matrix, membrane proteins

and proteins of the endoplasmic reticulum (ER)/Golgi/lysosome network. 
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1. Introduction

Progranulin is a pluripotent growth factor with important roles in several physiological processes. Progranulin is expressed

in both the embryo and placenta, where it modulates embryo growth  and implantation , as well as placenta formation

. In adult tissues, progranulin regulates tissue regeneration , promotes angiogenesis , modulates the immune

response  and is implicated in host defense against bacterial infections . In addition, progranulin is a key

neurotrophic factor as, in fact, it promotes neuronal survival and neurite growth , modulates neuroinflammation 

and regulates lysosome function in neurons . On the other hand, progranulin dysregulation is involved in several

diseases  and therefore has attracted attention as a potential therapeutic target . Progranulin mutations and

heterozygous or homozygous loss are associated with various and severe pathologies affecting the brain, including

frontotemporal dementia and lysosomal storage diseases . Dysregulated progranulin is also implicated in

autoimmune diseases . Progranulin is overexpressed in several cancer types, including hematological malignancies,

where it exerts a critical role in tumor progression.

2. Progranulin Binding Proteins

Progranulin pleiotropic action depends on its modular structure and its ability to interact with a broad range of molecules,

including extracellular soluble proteins, components of the extracellular matrix, membrane proteins and proteins of the

endoplasmic reticulum (ER)/Golgi/lysosome network. The list of proteins interacting with progranulin is continuously

growing. Recently, new progranulin-binding proteins have been identified using the ligand receptor capture technique in

the neuron-like cell line NCS-34, but the biological relevance of these novel interactions is still unknown . Progranulin-

binding proteins can be divided into three main categories: (1) extracellular proteins; (2) membrane proteins; and (3)

ER/Golgi/lysosome network proteins. In addition, it has been reported that progranulin and some granulin repeats can

localize to the nucleus, where they interact with the Tat/positive transcription elongation factor b (P-TEFb) and inhibit Tat

transactivation .

2.1. Progranulin Interaction with Extracellular Proteins

Secreted progranulin not only interacts with various extracellular proteases, which are responsible for progranulin

processing into granulins, as well as with proteins protecting progranulin from proteolytic degradation, but also with

different components of the extracellular matrix (ECM), including perlecan , cartilage oligomeric matrix protein

(COMP)  and extracellular matrix protein 1 . The interaction of progranulin with perlecan is mediated by granulin

modules F and B and the first two-laminin- and epidermal growth factor-like repeats of progranulin and perlecan,

respectively , and modulates tumor angiogenesis . Progranulin interaction with COMP, mediated by the granulin

module A, potentiates progranulin-dependent stimulation of chondrocyte proliferation , while the association of

progranulin with extracellular matrix protein 1 negatively regulates chondrogenesis and endochondral ossification .
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2.2. Progranulin Interaction with Membrane Proteins and Membrane Receptors

Progranulin can bind several membrane proteins and cell membrane receptors, such as sortilin , prosaposin , tumor-

necrosis factor receptor (TNFR) 1 and 2 , DR3 , four Notch receptors , DLK1 , EphA2 , RET  and Toll-like

receptor (TLR)9 , and these interactions are highly context-dependent.

Sortilin and prosaposin are principally responsible for progranulin lysosomal trafficking. Sortilin belongs to the vacuolar

protein sorting 10 (Vps10) family of receptors and its binding to progranulin leads to progranulin endocytosis and

trafficking into lysosomes . Secreted progranulin can interact with soluble prosaposin, in turn mediating progranulin

internalization and lysosomal sorting by interacting with the mannose-6-phosphate receptor (MRP6) or the low-density

lipoprotein receptor-related protein 1 (LRP1) . Both sortilin and prosaposin can mediate progranulin delivery into

lysosomes from either the extracellular space or the secretory pathway . Evidence suggests that the interactions of

progranulin with sortilin and/or prosaposin are particularly relevant in neurological cells . Whether the interaction of

progranulin with other membrane receptors, including RTKs, leads to progranulin internalization is not well established.

Progranulin binds to TNFR1 and TNFR2 on immune cells, mostly macrophages and Tregs, competing with TNF-alpha for

receptor binding, thereby inhibiting TNF-alpha pro-inflammatory activity . It is important to mention to that progranulin

interaction with TNFRs remains controversial, since other groups failed to confirm a direct binding of progranulin to TNFRs

. These discrepancies might be due to technical differences in the surface plasmon resonance (SPR)

experimental approaches used by different groups . In addition, progranulin binds to the TNFR1 homolog death

receptor 3 (DR3), thereby inhibiting DR3 binding to its natural ligand TNF-like ligand 1 (TL1A) .

Progranulin binds to Notch receptors by interacting with the extracellular domain of the receptor, as demonstrated for the

interaction with Notch1 . Progranulin activates Notch signaling pathways, promoting peripheral nerve regeneration and

motor function recovery . In addition, progranulin interacts with DLK1, a modulator of the Notch signaling pathway, but

the biological relevance of this interaction is unknown .

In bladder cancer cells, progranulin binds to and activates ephrinA1-independent EphA2 non-canonical signaling 

favoring tumor progression, while in the neuron-like cell line NSC-34, progranulin binds to RET and promotes its tyrosine-

phosphorylation .

Finally, progranulin binds to both TLR9 and CpG oligonucleotides (CpG-ODNs) in immune cells and endosomes, favoring

TLR9 and CpG-ODNs interaction and potentiating the innate immune response to bacterial infections . Notably, it has

been reported that progranulin can activate other receptor-tyrosine kinases, including members of the Eph family, such as

EphA4 and EphB2 , EGFR , ErbB2  and RYK . However, it is not known whether progranulin activates

these receptors by direct binding or indirectly by activating functional cross-talks.

The domains responsible for progranulin interaction with some of its membrane binding partners have been characterized

 and referenced herein. Progranulin interaction with TNFR1, TNFR2 and DR3 is mediated by the granulin modules A, C

and F and the linkers P3, P4 and P5, while domains A, C, D and E allow the interaction with TLR9 and CpG-ODNs .

Progranulin binds to sortilin through the last three amino acids in its C-terminal (QLL) . Multiple granulin domains,

mostly granulins D and E, bind to the linker region connecting saposins B and C in the prosaposin molecule . On the

receptors side, the domains involved in progranulin binding are known only for TNF receptors and DR3 . Indeed, it has

been demonstrated that progranulin binds the cysteine-rich domains (CRD)2 and 3 of TNF receptors . Considering that

both CRD and EGF-like domains can bind to progranulin and that at least one of these domains is part of the extracellular

region of all known progranulin-binding receptors, it is possible that CRD and EGF-like domains are more likely involved in

progranulin interactions with other receptors than TNFR.

2.3. Progranulin Binding Partners Belonging to the ER/Golgi/Lysosome Network

Intracellular progranulin mostly localizes in the endoplasmic reticulum and lysosomes . In the ER, progranulin binding

partners include several chaperones, such as endoplasmic reticulum protein (ERp)5, ERp57 and ERp72, heat-shock

protein 70 (HSP70), GRP94, binding immunoglobulin protein (BiP), calreticulin and protein disulfide isomerase (PDI) 

and references therein. It is believed that these chaperones assist in progranulin folding and secretion . In lysosomes,

progranulin acts as a co-chaperone by interacting with various hydrolases, such as glucocerebrosidase (GCase),

cathepsin D (CSTD) and β-hexosaminidase (HexA) . The relevance of progranulin function as a lysosomal protein is

exemplified by the phenotypes associated with progranulin loss, as reviewed by Chitramuthu et al. . Indeed,

progranulin deficiency is usually associated with lysosomal disfunctions with progranulin homozygous loss causing

cerebroid lipofuscinosis, a severe lysosomal disorder . On the contrary, GRN haploinsufficiency leads to frontotemporal
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dementia (FTD), a disorder characterized by the neurodegeneration of the frontal and temporal lobes, and lysosome

disfunction associated with the presence of neuronal inclusions containing fragments of ubiquitinated TDP-43 .
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