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Sialylation is a modification process involving the addition of sialic acid residues to 
the termini of glycoproteins and glycolipids in mammalian cells. Sialylation serves as 
a crucial checkpoint inhibitor of the complement and immune systems, particularly 
within the central nervous system (CNS), including the retina. Complement factor 
H (FH), complement factor properdin (FP), and sialic acid-binding immunoglobulin-
like lectin (SIGLEC) receptors of retinal mononuclear phagocytes are key players in 
regulating the complement and innate immune systems in the retina by recognizing 
sialic acid (Sia) residues. Intact retinal sialylation prevents any long-lasting and 
excessive complement or immune activation in the retina. However, sialylated 
glycolipids are reduced in the CNS with aging, potentially contributing to chronic 
inflammatory processes in the retina. Particularly, genetically induced hyposialylation 
in mice leads to age-related, complement factor C3-mediated retinal inflammation 
and bipolar cell loss. Notably, most of the gene transcript pathways enriched in 
the mouse retina, following genetically induced hyposialylation, are also involved 
in age-related macular degeneration (AMD). Interestingly, intravitreal application 
of polysialic acid (polySia) controlled the innate immune responses in the mouse 
retina by blocking mononuclear phagocyte reactivity, inhibiting complement 
activation, and protecting against vascular damage in two different humanized 
SIGLEC-11 animal models. Accordingly, a polySia polymer conjugate has entered 
clinical phase II/III testing in patients with geographic atrophy secondary to AMD. 
Thus, hyposialylation or dysfunctional sialylation should be considered as an age-
related contributor to inflammatory retinal diseases, such as AMD. Consequently, 
sialic acid-based biologics could provide novel therapies for complement-related 
retinal diseases.
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1 Introduction

The retina is an immune-privileged tissue with a blood–retinal barrier, composed of the 
microvascular endothelium and the retinal pigment epithelium (RPE) (Streilein et al., 2002; 
Chen et al., 2019), as well as an immune-suppressed microenvironment (Silverman and Wong, 
2018; Murakami et al., 2020). However, genetic and environmental factors, such as diet and 
age, contribute to chronic immune responses that are associated with retinal degeneration 
(Amirul Islam et al., 2014; Thomas et al., 2021). In particular, age-related macular degeneration 
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(AMD), a leading cause of blindness in individuals above 60 years, is 
closely associated with retinal inflammation and oxidative stress. 
AMD is classified into two forms: dry and wet (Mitchell et al., 2018). 
Dry AMD is characterized by the accumulation of drusen and the 
inability of the RPE to clear them. Wet AMD is characterized by 
blood–retinal barrier leakage, parenchymal edema, and choroidal 
neovascularization (CNV) driven by the vascular endothelial growth 
factor (VEGF) (Thomas et al., 2021; Marchesi et al., 2024). Notably, 
transcriptome analyses of retinas from AMD patients revealed 
upregulation of genes involved in the chemokine, cytokine, and 
complement cascade signaling pathways (Saddala et al., 2019).

In recent years, it has been found that sialylation, a post-
translational modification of the glycocalyx termini by sialic acid 
residues (Schnaar et al., 2014), plays a key role in retinal complement 
and immune regulation. Sialic acid (Sia), the terminal carbohydrate 
of the glycocalyx, is found on mammalian cell surfaces in two types, 
N-acetylneuraminic acid (Neu5Ac) and N-glycolylneuraminic acid 
(Neu5Gc) (Varki et al., 2015; Pearce and Läubli, 2016). Only Neu5Ac 
is naturally present in humans due to a lineage-specific loss-of-
function mutation in the gene encoding cytidine monophosphate-N-
acetylneuraminic acid hydroxylase (CMAH) (Chou et  al., 2002; 
Martin et al., 2005). Interestingly, several studies have shown that 
Neu5Gc from food sources, such as red meat, milk, and dairy 
products, can be incorporated into the glycocalyx of human tissue, 
potentially triggering immune responses against these non-human 
sialic acids, resulting in a condition termed xenosialitis (Oetke et al., 
2001; Tangvoranuntakul et al., 2003; Hedlund et al., 2008). However, 
no evidence has been found of xenosialitis or Neu5Gc incorporation 
in the human retina. Moreover, Sias can form homopolymers with 
varying average degrees of polymerization (avDP) through glycosidic 
linkages. In mammals, polysialic acid (polySia) is a homopolymer 
composed of α2,8-linked Neu5Ac monomers, with a degree of 
polymerization ranging from 10 to approximately 100 (Schnaar et al., 
2014). Sialylation can inhibit complement activation by targeting 
critical regulators of the complement cascade. In particular, 
complement factor H (FH) recognizes α2,3-linked Neu5Ac residues 
on the glycocalyx, thereby inhibiting the alternative complement 
pathway (Blaum et al., 2014). In addition, complement factor P (FP), 
a widely known positive regulator of the alternative complement 
pathway, has been shown to bind to low molecular weight α2,8-linked 
polySia with average degree of polymerization 20 (avDP20) and to 
reduce its ability to promote alternative complement activation. 
Sialylation also downregulates microglia activity by binding to sialic 
acid-binding immunoglobulin-like lectin (SIGLEC) receptors on 
immune cell membranes, serving as a checkpoint to maintain 
immune tissue homeostasis in the central nervous system (CNS; 
Klaus et al., 2021; Lünemann et al., 2021). However, intact sialylation 
is susceptible to aging and chronic inflammation. Thus, dysfunctional 
or reduced sialylation can disrupt retinal immune regulation, leading 
to excessive activation of the complement system, chronic 
inflammation, and tissue degeneration.

Given its essential role in retinal immune regulation, sialylation has 
become a promising therapeutic target for age-related and inflammatory 
retinal diseases (Nycholat et al., 2012; Rillahan et al., 2012; Zhong et al., 
2022). Polysialylated ligands, such as polySia, have shown promising 
potential in preclinical studies to suppress complement activation, 
attenuate mononuclear phagocyte activity, and prevent vascular damage 
(Karlstetter et al., 2016; Krishnan et al., 2023).

This review explores the role of sialylation as a checkpoint in 
complement-associated retinal diseases, focusing on the mechanisms 
underlying dysfunctional sialylation, its impact on retinal immune 
homeostasis, and its therapeutic potential.

2 Dysfunctional sialylation during 
aging and chronic inflammation: a 
trigger for retinal diseases

Sialic acid is a nine-carbon sugar that forms the terminal cap of 
the glycol residues of glycolipids and glycoproteins. Sias of the 
glycocalyx contribute to various biological processes, such as 
microdomain formation (Möckl et al., 2015), cell adhesion (Kelm 
et al., 1994), tissue homeostasis (Varki and Gagneux, 2012), immune 
cell modulation (Lübbers et  al., 2018), cell migration (Bassagañas 
et al., 2014), chemokine sensing (Kiermaier et al., 2016), and growth 
factor retention (Sato and Kitajima, 2019).

Lower levels of sialylated gangliosides have been reported in the 
CNS of elderly individuals (Segler Stahl et al., 1983). In particular, the 
content of ganglioside-bound Sia in the whole brain of individuals 
aged 25 to 85 years was found to be reduced by approximately 65% at 
85 years of age (Segler Stahl et al., 1983). Furthermore, an increased 
activity of the endogenous neuraminidases Neu1 and Neu4 was 
observed during inflammation, which can cleave Sias from the cell 
surface, suggesting that the Sia cap of the glycocalyx is compromised 
under pathological inflammatory conditions (Demina et al., 2018; 
Howlader et al., 2022). Oxidative damage has also been shown to 
desialylate cell surfaces (Eguchi et  al., 2005; Cho et  al., 2017). 
Furthermore, enzymatic desialylation can lead to complement-
dependent removal of neurons in vitro (Linnartz et al., 2012; Linnartz-
Gerlach et  al., 2015). Interestingly, oral supplementation with Sia 
ameliorated the oxidative damage in two different mouse models: a 
nephropathy model induced by aminoglycoside antibiotics and an 
oxidative stress model induced by a high-fat diet (Pawluczyk et al., 
2015; Yida et al., 2015).

In mice that are heterozygous for the null mutant of UDP-N-
acetylglucosamine 2-epimerase/N-acetylmannosamine kinase 
(Gne+/−), a crucial enzyme for Sia biosynthesis, a slight reduction in 
brain sialylation was noted (Klaus et al., 2020). This reduced sialylation 
not only led to non-inflammatory synapse and neuronal loss but was 
also linked to reduced microglial ramification and dependent on 
complement component 3 (C3) (Klaus et al., 2020). In a follow-up study 
focusing on the mouse retina, the number of bipolar cells in the retina of 
9-month-old Gne+/− mice was reduced, which was again associated 
with inflammatory processes and dependent on C3 (Cuevas-Rios et al., 
2024). Additionally, hyposialylation activated key biological pathways in 
the mouse retina at 9 months of age, including UV response, epithelial-
mesenchymal transition (EMT), p53 pathway, angiogenesis, apoptosis, 
KRAS signaling, IL6/JAK/STAT3 signaling, tumor necrosis factor-alpha 
(TNF-A) signaling via NFkB, cholesterol homeostasis, and complement 
(Cuevas-Rios et al., 2024). Interestingly, most of these enriched gene 
pathways have been directly or indirectly associated with AMD (Table 1).

Furthermore, several enzymes involved in sialylation and 
glycocalyx formation are associated with AMD (Emilsson et al., 
2022). In a proteogenomic study, Emilsson et  al. investigated 
associations between 4,782 human AMD candidate serum 
proteins and various disease stages of AMD and found that not 
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only complement and inflammation-related factors were enriched 
in the serum of patients at risk for early or late AMD, but also 
that the serum sialyltransferase (ST6 N-acetylgalactosaminide 
α-2,6-sialyltransferase 1, ST6GALNAC1) and fucosyltransferase 
5 (FUT5) were associated with early AMD (Emilsson et al., 2022). 
In a recent pilot study involving human retinal tissue, a reduction 
in Sia level at the Bruch’s membrane/choroid interface in both the 
macular and peripheral regions of the retina in individuals with 
AMD (n = 3) was observed compared to controls (n = 5; Swan 
et al., 2025).

2.1 Sialylation as a protective mechanism 
against complement activation in the retina

The retina is particularly susceptible to complement-mediated 
damage due to its high metabolic activity and exposure to light-induced 
oxidative stress. The complement system consists of three activation 
pathways: classical, lectin, and alternative, all of which converge in C3 
activation and lead to the formation of immunostimulatory factors such 
as C3a, C5a, and membrane attack complexes (MAC, C5b-9; Ricklin 
et al., 2010; Merle et al., 2015). As mentioned above, the loss of rod 
bipolar cells and the increase in inflammatory gene transcription were 
prevented after crossing Gne+/− mice that show hyposialylation with 
complement factor C3-deficient animals (Cuevas-Rios et al., 2024).

Complement factor H is a key regulatory protein of the alternative 
pathway that prevents complement overactivation by inhibiting the 
formation and accelerating the decay of C3 convertase (Chen et al., 2007; 
Kopp et al., 2012). The human FH family consists of seven highly related 
members, namely, FH, FH-like 1 (FHL-1), and FH-related proteins 1 to 5 
(FHR-1-5). All family members are composed of repetitive units, short 
consensus repeats (SCRs), of ~60 amino acids, which are also termed 
control complement protein domains. The regulatory function of FH 
depends on the binding to certain polyanions, such as Sia and 
glycosaminoglycans (Meri and Pangburn, 1990; Clark et al., 2013). The 
FH at position SCR20 interacts with α2,3-conjugated Sia moieties that are 
critical for the discrimination of self and non-self surfaces. The binding of 
FH to these α2,3-conjugated Sia residues on the cytosolic glycoconjugate 

complex can form a C3b-FH-Sia complex, which inhibits alternative 
complement pathway initiation and amplification (Figure 1; Blaum et al., 
2014). However, studies have shown that the rs1061170 polymorphism 
(Tyr402His) in the FH gene, which is closely associated with an increased 
risk of AMD, does not directly affect the known Sia binding domain 
SCR20 but instead reduces the ability of FH to bind to retinal components, 
such as lipid peroxides and C-reactive protein (CRP; Molins et al., 2016; 
Romero-Vazquez et  al., 2021; Giralt et  al., 2024). Data indicate that 
intermediate AMD is associated with decreased serum FH levels and an 
increased serum monomeric C-reactive protein (mCRP)/FH ratio 
(Figure 1; Giralt et al., 2024). These changes lead to reduced FH levels and 
decreased protection of sialylated retinal cell surface membranes against 
complement attack, as well as increased mCRP-mediated activation of 
downstream complement pathways (Romero-Vázquez et al., 2020).

Pentraxin-3 (PTX3) has been recently proposed to act as an 
anchoring site for FH in Bruch’s membrane and RPE, where it limits 
complement-dependent inflammatory response in a mouse model of 
oxidative stress-induced AMD (Wang et al., 2016). PTX3 is sialylated 
and is known to bind FH at SCR19-20, in addition to the side SCR7 
(Deban et al., 2008; Inforzato et al., 2013). Interestingly, desialylation 
of PTX3 allows the binding of C1q and activation of the classical 
complement pathway (Inforzato et al., 2006).

After reduction or loss of Sia, the underlying glycan structures can 
trigger classical complement pathway activation (Figure 1). Thus, the 
remaining desialylated glycan cell surface structures are recognized by 
the complement complex C1 (C1qC1r2C1s), triggering a complement 
cascade response via opsonization and formation of a C4b2b complex, 
the classical pathway C3 convertase (Linnartz et al., 2012).

It is worth noting that FP plays an opposite function to FH. FP is the 
only positive regulator of the alternative pathway and prevents the rapid 
decay of C3/C5 convertases, thereby amplifying complement activity 
(Figure 1; Kouser et al., 2013; Chen et al., 2018). In an in vitro study, it 
was found that low molecular weight polySia reduced the binding of 
serum-derived FP to the cell surface of lesioned Hepa-1c1c7 and PC-12 
neuroblastoma cells. In addition, polySia can lead to reduced cell lysis 
and reduced formation of membrane attack complexes (Karlstetter et al., 
2016). Furthermore, the addition of polySia to human serum reduced 
the activity of the alternative complement pathway, which was triggered 

TABLE 1 Associations between retinal hyposialylation and age-related macular degeneration (AMD) pathogenesis.

Retinal pathways enriched 
in mice with hyposialylation 
(Cuevas-Rios et al., 2024)

Retinal pathway contribution to AMD

UV exposure Major cause of photoaging (Lueck et al., 2012; Sui et al., 2013)

Epithelial-mesenchymal transition Pathogenesis of subretinal fibrosis (Kimura et al., 2015; Tuo et al., 2015; Shu et al., 2020; Shen et al., 2023)

Angiogenesis Pathogenesis of choroidal neovascularization in wet AMD (Ferrara and Adamis, 2016; Wolf et al., 2022)

Apoptosis Mediating RPE cell death, especially in dry AMD (Hanus et al., 2015; Lenin et al., 2023)

KRAS signaling Promoting chronic inflammation, oxidative stress, RPE senescence, and impaired autophagy through downstream pathways such 

as JAK/STAT, PI3K/AKT, MAPK, and mTOR (Wang et al., 2019; Zhang et al., 2020; Ghosh et al., 2024)

IL6/JAK/STAT3 signaling Driving chronic inflammation and establishing a pro-inflammatory feedback loop (Wiciński et al., 2021; Ahmed et al., 2024)

TNF-A signaling via NFkB Promoting chronic inflammation and RPE cell apoptosis in dry AMD and inducing VEGF expression in wet AMD (Shi et al., 

2006; Khan et al., 2021)

Cholesterol homeostasis Accumulation of cholesterol and lipid deposits (drusen), impairing cholesterol clearance, and activation of inflammatory 

pathways (Pikuleva and Curcio, 2014; Ban et al., 2018)

Complement Detailed discussion in Section 2.1.
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by plate-bound lipopolysaccharides (LPS) (Shahraz et al., 2022). Thus, 
polySia found on the glycocalyx attached to the retinal protein neural 
cell adhesion molecule (NCAM) could also prevent cell membrane 
damage by reducing the activity of the alternative complement pathway. 
Importantly, this inhibitory effect was chain length-dependent, since our 
group recently showed that soluble monosialic or oligosialic acids failed 
to bind to the complement regulatory protein FH and FP at physiological 
concentrations (Shahraz et al., 2022).

In summary, these findings highlight the critical role of multivariant 
recognition of Sia residues of the cell membrane glycocalyx in 
maintaining homeostasis of the complement system in the retina.

2.2 Sialylation regulates mononuclear 
phagocyte homeostasis via inhibitory 
SIGLEC receptors

Mononuclear phagocytes include resident microglia, parenchymal 
macrophages, and circulating monocytes (Wieghofer et al., 2021). 
Microglia are uniformly distributed on the plexiform layers in the 
mature retina and thoroughly cover the retinal environment through 

their dynamically moving branching processes (Damani et al., 2011; 
Silverman and Wong, 2018). In response to tissue damage, the 
microglia are activated, and their morphology changes from ramified 
to amoeboid, enabling them to rapidly migrate to the site of distress 
and phagocytose pathogens, dead neurons, and cellular debris 
(Sappington et al., 2022; Brown, 2023; Ronning et al., 2025). However, 
this activation of immune cells is also a double-edged sword. It has 
been shown that activated microglia and macrophages accumulate 
around drusen, leading to the death of photoreceptor cells and RPE 
cells (Killingsworth et al., 1990; Dietrich et al., 2020). In addition, 
mononuclear phagocytes accumulating in the subretinal space secrete 
VEGF, platelet-derived growth factor-β, fibroblast growth factor-1, 
fibroblast growth factor-2, and transforming growth factor-β1 to 
promote CNV (Li et al., 2017).

Sialylation regulates the mononuclear phagocytes through 
signaling via their SIGLECs (Linnartz-Gerlach et al., 2014; Thiesler 
and Hildebrandt, 2024). When sialylation functions properly, 
microglia remain in a homeostatic state, enabling them to 
selectively and silently prune misconnected neuronal dendrites 
(Azevedo et  al., 2020; Paolicelli et  al., 2022). After transient 
transition of microglia into an activated state to eliminate damaged 

FIGURE 1

Homeostatic control of the complement system and mononuclear phagocytes by sialylation. (A) Mononuclear phagocytes, such as microglia and 
invaded macrophages, are activated near drusen in inflammatory retinal diseases [e.g., in age-related macular degeneration (AMD)]. (B) Sialic acid/N-
acetylneuraminic acid (Sia /NeuAc) or polysialic acid (polySia) displayed on glycoproteins [e.g., neural cell adhesion molecule (NCAM) and CD59] and 
glycolipids (e.g., gangliosides) of the intact glycocalyx engage SIGLEC receptors. Inhibitory retinal microglial SIGLECs—SIGLEC-7, −9, and −11 of 
humans—possess inhibitory signaling ITIM domains. Ligand binding triggers ITIM phosphorylation, enabling recruitment of phosphatases SHP1/2. This 
phosphatase activity counteracts signaling cascades initiated by ITAM-associated transmembrane molecules (e.g., TYROBP) that transmit inducing 
signals of the complement factor CR3. Complement factor H (FH) binds to Sia moieties on the intact host cell glycocalyx (e.g., PTX3), thereby inhibiting 
the initiation of the C3-mediated alternative complement pathway and blocking assembly of the C3 convertase (C3bBb). Thus, FH actively prevents 
aberrant activation of the alternative complement cascade on healthy sialylated cells. In contrast, desialylated glycomolecules [e.g., Pentraxin-3 (PTX3)] 
are opsonized by C1, initiating the classical complement cascade and generating the classical C3 convertase (C4b2b), as indicated by the dashed 
arrow. The classical C3 convertase then cleaves C3 into C3b and C3a. When C3b binds weakly to the altered cells in the absence of FH binding, it can 
initiate and amplify the alternative complement pathway via C3bBb. FH also binds to mCRP and thereby prevents its potential to recruit C1q to the 
surface of damaged cells. Binding of FP to desialylated surfaces drives C3b deposition. It stabilizes the formation and activation of the alternative 
C3bBb, together with the complement activator properdin (C3bBbP). However, soluble polySia has been shown to reduce the activation of the 
alternative complement pathway via binding to the FP. In summary, loss or reduction of sialylation—due to neuraminidase activity, oxidative damage, or 
aging—triggers both classical and alternative complement activation, enhancing C3b deposition and the formation of C3 convertases from both 
pathways. CR3, complement receptor 3; FH, complement factor H; FP, complement factor properdin; GCL, ganglion cell layer; INL, inner nuclear layer; 
IPL, inner plexiform layer; ITAM, immunoreceptor tyrosine-based activation motif; ITIM, immunoreceptor tyrosine-based inhibition motif; mCRP, 
monomeric C-reactive protein; NFL, nerve fiber layer; ONL, outer nuclear layer; OPL, outer plexiform layer; RPE, retinal pigment epithelium; SIGLEC, 
sialic acid-binding immunoglobulin-like lectins. Figure was created using CorelDraw 2019 (Corel Corporation, Ottawa, Canada).
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or apoptotic cells, SIGLEC receptors help to resolve the 
inflammatory reaction, thereby preventing ongoing damage to 
healthy tissues (Paolicelli et al., 2022). This regulatory capacity of 
SIGLECs is due to the presence of their immunoreceptor tyrosine-
based inhibition motifs (ITIMs) and/or ITIM-like motifs in their 
intracellular signaling tails (Figure 1). Transmembrane proteins 
with this motif in the cytoplasmic domain could have inhibitory 
effects by recruiting serine/threonine phosphatase tyrosine-specific 
Src homology-2 domain-containing phosphatase-1 (SHP-1/
PTPN6) or Src homology-2 domain-containing phosphatase-2 
(SHP-2/PTPN11; Linnartz-Gerlach et al., 2014; Lünemann et al., 
2021). These proteins counter-regulate other immunoreceptors 
harboring immunoreceptor tyrosine activation motifs (ITAMs) so 
that immune cell-mediated activation processes, for example, 
phagocytosis, oxidative burst, and inflammation, are attenuated 
(Crocker et al., 2007). In vitro, Siglec-E of mice recognizes α2,3- 
and α2,8-linked Sia residues of the glycocalyx. Upon stimulation 
with neural debris, this recognition suppresses the phagocytosis of 
neural debris, downregulates the transcription of pro-inflammatory 
cytokine genes, and reduces the production of reactive oxygen 
species (Claude et al., 2013). Moreover, human SIGLEC-11 binds 
to α2,8-conjugated Sias of the glycocalyx and inhibits LPS-induced 
gene transcription of pro-inflammatory mediators in cultured 
mouse microglia ectopically expressing the human SIGLEC-11 
receptor, thus demonstrating a neuroprotective function of this 
human-specific microglial SIGLEC-11 receptor (Wang and 
Neumann, 2010). Expression of SIGLEC-7, −9, and −11 in retinal 
tissue from AMD patients was found to be significantly upregulated 
compared with healthy controls (Krishnan et  al., 2023). 
Interestingly, SIGLEC-7 and −9 of mononuclear phagocytes 
recognized Sia residues on the sialylated complement inhibitory 
glycoprotein CD59, thereby suppressing their immune cell attack 
capacity (Wen et al., 2024).

Thus, ITIM-containing SIGLECs could be a novel therapeutic 
target for treating inflammatory retinal diseases involving activated 
mononuclear phagocytes.

2.3 Therapeutic potential of polysialylated 
ligands in age-related retinal diseases

Polysialic acid is an extended homopolymer of α2,8-conjugated 
Sia that is attached to several glycoproteins, such as neural cell 
adhesion molecule (NCAM), synCAM-1, neuropilin −2 (NRP2), 
and CD36, on the surface of mammalian neurons and immune 
cells (Sato and Kitajima, 2013). In a mouse model of laser-induced 
retinal injury, intravitreal application of polySia avDP20 reduced 
the mononuclear phagocyte activation, vascular leakage, and 
membrane attack complex deposition in humanized SIGLEC-11 
transgenic mice (Karlstetter et  al., 2016). In addition, in  vitro 
studies showed that polySia avDP20 inhibited mononuclear 
phagocyte reactivity via the SIGLEC receptor and directly 
interfered with the activation of the alternative complement system 
(Karlstetter et al., 2016).

Polysialic acid-functionalized nanoparticles (polySia-NPs), in 
which polySia was conjugated to a core of polyethylene glycol and poly 
lactic-co-glycolic acid (PLGA) copolymers, were effective in reducing 
macrophage-induced inflammatory retinal responses after intravitreal 

application in humanized SIGLEC-11 transgenic mice (Krishnan 
et  al., 2023). In a mouse model of bright light retinal damage, 
polySia-NPs bound to SIGLEC-E receptors on macrophages and 
elicited an anti-inflammatory effect with a reduction in IL-6, IL-1β, 
and TNF-α levels, as well as diminished loss of retinal outer nuclear 
layer thickness (Krishnan et al., 2023).

The proven in vivo safety and efficacy of polySia-NPs in treating 
animal models of AMD led to an investigational new drug (IND) 
application at the US Food and Drug Administration (FDA) and 
received approval for entry into human Phase II/III clinical trials for 
the treatment of geographic atrophy in AMD patients (Krishnan 
et  al., 2024; SIGLEC study ClinicalTrials.gov 
Identifier NCT05839041).

3 Conclusion

Sialylation plays a critical role in maintaining retinal immune 
homeostasis and protecting against complement-mediated damage. 
Age-related hyposialylation disrupts this protective process, 
contributing to the pathogenesis of retinal diseases, such as AMD. The 
interplay between hyposialylation and complement activation creates 
a vicious cycle of chronic inflammation and degeneration, 
highlighting the need for therapies that target both processes 
simultaneously. Sia-based polymers, such as polySia, therefore 
represent a promising therapeutic approach for complement-related 
retinal diseases.
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