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Introduction
Glomerulonephritis (GN) is an injury to the glomeruli—
the kidney’s small filtering structures—caused by 
inflammatory pathways, resulting in a heterogeneous 
range of diseases. Chronic GN is ranked third as the 
leading kidney disorder that causes end-stage renal 
disease (ESRD). When GN grows to ESRD, the patient 
will require a kidney transplant or dialysis, which imposes 
remarkable burdens on both the patient and society.1

Currently, the primary treatment for GN involves 
symptomatic therapy, immunosuppressive therapy 
(glucocorticoids and cyclosporine), and kidney 
replacement therapy. While these treatments can 
effectively reduce inflammation and proteinuria, they 
often do not address the disease’s underlying genetic 
or molecular causes and, for many patients, only slow 
disease progression without providing a cure. Moreover, 
some individuals diagnosed with GN face challenges 
such as relapse, steroid resistance,2,3 or progression to 
ESRD, making treatment challenging. Long-term use of 

traditional immunosuppressants can also cause significant 
side effects, such as increased risk of infection, bone 
marrow suppression, and organ toxicity.4 Replacement 
therapy for ESRD patients increases both the economic 
burden and the negative impact on the quality of life, 
where many immunosuppressants cause side effects that 
outweigh the benefits, highlighting the need for new GN 
therapies.5

Small interfering ribonucleic acids (siRNAs) are one of 
the innovative therapeutic approaches. These molecules 
have the potential to silence specific gene sequences 
through endogenous regulation, thereby helping inhibit 
the expression of genes that cause various diseases.6,7

Although the kidney’s rapid blood flow, glomerular 
filtration, and tubular reabsorption make it a potentially 
ideal target for siRNA therapies, its structural complexity 
and diverse cell populations pose significant challenges 
for targeted drug delivery.8 siRNA targeted approach, 
by reducing the production of disease-causing proteins 
involved in inflammation, fibrosis, and the immune 
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Abstract
Glomerulonephritis (GN) 
is a heterogeneous group of 
kidney diseases characterized 
by inflammation and damage 
to the glomeruli. Current 
treatments for GN remain 
suboptimal, creating a pressing 
need for innovative therapeutic 
strategies. Short interfering 
RNAs (siRNAs) represent 
a promising advance in the 
therapeutic landscape for GN, offering targeted gene silencing that could fundamentally transform 
the management of this significant cause of kidney disease. siRNA therapies work by selectively 
silencing specific genes involved in the pathogenesis of GNs, including interferon pathways, B 
cell activation, TGF-β, MAPK1, HMGB1, BLYSS, and SIRT1. Preclinical evidence demonstrates 
improved kidney function and reduced glomerular damage in experimental models. While 
challenges remain in translating these findings to clinical applications, ongoing research suggests 
that siRNA-based therapies have the potential to transform the treatment of GN, offering new 
hope for patients with this challenging kidney disease. This review highlights the impact of siRNA-
based therapies in GN, exploring their mechanisms, delivery systems, challenges, and preclinical 
and clinical evidence.
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response, shows promise for diminishing kidney injury 
while limiting overall side effects. With ongoing research, 
these therapies could introduce a new therapeutic strategy 
for treating GN and other kidney diseases that currently 
lack adequate clinical solutions. Since GN represents a 
significant challenge in nephrology and current treatment 
options fail to provide satisfactory outcomes for many 
patients, this review underscores the impact of siRNA-
based treatments in GN, exploring their mechanisms, 
delivery systems, and preclinical and clinical evidence.

Glomerulonephritis
Glomerulonephritis encompasses a group of diverse 
immune-related diseases that lead to inflammation of the 
glomeruli, often driven by immune responses, systemic 
diseases, cytokines, inflammation, and viral infections.9-12 
Recent studies have also identified a significant 
role for microbiota dysbiosis in the pathogenesis of 
glomerulonephritis.13 Analysis of a U.S. Medicare cohort, 
averaging 75 years in age, showed that approximately 
1.2% of people in this group were affected by GN.14 The 
glomerular microvasculature is especially susceptible to 
immune-related damage due to its distinct functional 
and anatomical features. Specifically, glomerular 
capillaries function as high-capacity filters, producing a 
large volume of ultrafiltrate. This process exposes them 
to significant mechanical forces, including shear stress 
and perfusion pressure. The structural complexity of 
the glomerular filtration barrier, which comprises three 
critical components —delicate endothelial cells, a porous 
basement membrane, and intricately interdigitated 
podocyte foot processes —renders it inherently 
vulnerable to immune-mediated injury.15 As a result, 
these unique features make the glomeruli susceptible to 
injury from various immunological triggers, leading to 
the diverse causes of GN. There are different types of 
GN primarily based on histopathological lesion patterns. 
Still, these patterns do not correspond well to the various 
pathological features, which limits their guidance for 
optimal treatment. Definitely, altered systemic immunity 
is the primary pathogenic mechanism and the principal 
therapeutic focus in GN.16

Glomerulonephritis is generally divided into five 
categories based on underlying immune mechanisms: 
infection-related, autoimmune, alloimmune, 
autoinflammatory, and monoclonal gammopathy-
associated. It is also possible for one form of 
glomerulonephritis to evolve into another, highlighting 
the complex interplay between these different categories. 
For example, acute GN can progress to chronic kidney 
disease and permanent kidney failure if not adequately 
treated. Typically, acute GN is characterized by high blood 
pressure (hypertension), proteinuria (excessive protein in 
the urine), and hematuria (blood in the urine). In contrast, 
GN that primarily affects podocytes leads to nephrotic 
syndrome, characterized by significant proteinuria and 
leg oedema. Generally, the presence of proteinuria, mainly 
albumin, suggests damage to podocytes, while haematuria 

indicates breaks or tears in the glomerular basement 
membrane (GBM).16,17 Understanding these distinctions 
is crucial for effective diagnosis and treatment, as each 
type of GN may require a tailored therapeutic approach to 
manage its unique pathogenic mechanisms and prevent 
long-term kidney damage.

The therapeutic potential of siRNAs in GN is 
complemented by a broader landscape of non-coding 
RNAs, such as microRNAs (miRNAs),18 long non-coding 
RNAs (lncRNAs), and circular RNAs (circRNAs).19,20 
These RNAs have fundamental functions in controlling 
gene expression and are often dysregulated in various 
forms of GNs. For instance, specific miRNAs have been 
implicated in modulating inflammatory and fibrotic 
pathways in glomerular diseases, with altered expression 
levels observed in conditions such as lupus nephritis,21,22 
diabetic nephropathy,23 membranous nephropathy (MN), 
focal segmental glomerulosclerosis (FSGS),24-26 and IgA 
nephropathy (IgAN).27 Similarly, lncRNAs have been 
shown to influence glomerular cell function and disease 
progression, while circRNAs are emerging as novel 
regulators of immune responses and fibrosis in kidney 
diseases. The dysregulation of these non-coding RNAs 
can contribute to the pathogenesis of GN by affecting 
key signaling pathways, which are also targets for siRNA 
therapy. 

siRNAs
siRNA is a member of the RNA interference (RNAi) 
family, a class of molecules that silence gene expression. 
The RNAi group has three primary mechanisms: mRNA 
degradation, translation inhibition, or chromatin 
modification at the target gene. siRNA demonstrates the 
highest specificity. It incorporates into the RNA-induced 
silencing complex (RISC) and suppresses gene expression, 
aiming not only to treat diseases but also to prevent their 
progression.28

The enzyme Dicer plays a pivotal role in gene silencing. 
It cuts long double-stranded RNA (dsRNA) into shorter 
segments, usually 20 to 24 base pairs in length. These 
segments are subsequently converted into siRNA 
molecules. Once siRNA is internalized by the cell, it 
integrates into the RISC. Within the RISC, one strand (the 
guide strand) remains attached to the complex, whereas 
components of RISC eliminate the passenger strand. The 
guide strand directs RISC to bind with complementary 
mRNA sequences, guaranteeing precise targeting. Upon 
successful binding to its target mRNA, the RISC cuts 
the mRNA at specific sites, rendering it inactive and 
preventing protein synthesis. This targeted gene-silencing 
capability makes siRNA a cornerstone asset in therapeutic 
research and the exploration of gene function28,29 (Fig. 1).

siRNA has become a valuable and promising 
therapeutic agent for kidney disorders, owing to its high 
specificity in targeting disease-associated genes. Clinical 
trials have demonstrated their potential across diverse 
renal conditions, including primary hyperoxaluria, 
hypertension, acute kidney injury (AKI), and IgAN. In 
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primary hyperoxaluria, FDA-approved siRNA drugs 
like Lumasiran30 and Nedosiran,31 target HAO1 and 
LDHA, respectively, to reduce urinary oxalate levels and 
nephrocalcinosis. For hypertension, Zilebesiran32 inhibits 
angiotensinogen, effectively lowering blood pressure by 
reducing renin-angiotensin system activity.

siRNA therapy has shown protective effects in patients 
at high risk of AKI,33 undergoing cardiac surgery by 
targeting apoptosis-related pathways. Teprasiran, a 
siRNA targeting p53, demonstrated efficacy in ischemia-
reperfusion injury models by reducing tubular apoptosis 
and preserving renal function. These advancements 
highlight the potential of siRNA in tackling both acute 
and chronic kidney conditions.34 

The main challenges in delivering siRNAs to glomeruli
The delivery of siRNAs to glomeruli faces significant 
extracellular and intracellular barriers that hinder their 
therapeutic potential in GN. Their small molecular weight 
(~13 kDa) and size (7 nm) result in rapid kidney clearance, 
further reducing their bioavailability. Additionally, the 
negative charge of siRNA molecules creates a formidable 
barrier to membrane penetration, making cellular uptake 
inefficient without appropriate delivery systems. Systemic 
barriers are another problem in delivering siRNAs. Upon 
systemic administration, unmodified siRNAs are rapidly 
degraded by serum RNases and endonucleases, resulting 
in their short half-life (about 5-10 minutes) in circulation. 
Even after siRNAs reach the glomerular compartment, 
they encounter intracellular barriers, including endosomal 
entrapment and potential off-target effects, which can 
compromise both safety and efficacy.35,36

Glomerular siRNA delivery is also hindered by the 
glomerular filtration barrier’s (GFB’s) size selectivity, 
rapid clearance, and cellular complexity. Cellular 
complexity is the main problem. The kidneys contain at 
least 26 cell types, posing challenges for optimizing and 

delivering drugs to specific cell types. The glomerulus 
has a GFB comprising endothelial fenestrae (70–90 nm 
openings), the glomerular basement membrane (2–8 nm 
pores), and podocyte slit diaphragms (4–11 nm gaps). 
These act as obstacles to siRNA drug delivery, allowing 
only small molecules with diameters less than 6 nm to 
pass through the GFB. Advances in nanocarrier design 
and chemical modifications are critical to overcoming 
these barriers.

Another vital part of the nephron is the tubular system, 
which reabsorbs endogenous substances. Generally, 
proximal tubular cells are targeted in RNA studies. While 
delivering siRNAs to tubular cells is challenging, various 
strategies have been explored, including encapsulating 
oligonucleotides in nanoparticles, especially in the context 
of glomerular injury. Direct injection methods into the 
kidneys have been used in preclinical studies to target the 
kidney locally and avoid liver accumulation; their use in 
humans has been limited by invasiveness and injection 
difficulty.37

Mesangial cells within the glomerulus are the primary 
targets for siRNA delivery.4,38-40 To target these cells, 
siRNA drugs must exceed 6 nm in size to prevent filtration 
by the urinary tract, yet remain below 70–90 nm to be 
retained by the glomerulus and facilitate passage through 
the endothelial fenestra.38 By using synthetic compounds 
to form complexes with siRNA, the size of the delivery 
nanoparticle can be increased, thereby preventing 
glomerular filtration in the kidneys (Fig. 1).

Delivery systems
The most important hurdles to the therapeutic efficacy 
of siRNA administration in the treatment of GN are the 
instability of siRNA within the living organism, arising 
from rapid degradation by blood and tissue enzymes, 
off-target effects, and immune responses. Additionally, 
other obstacles include poor cellular uptake due to 

Fig. 1. siRNA treatment for glomerulonephritis.
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limited cell membrane penetration and the challenge of 
delivering siRNA to the site of action.41,42 Therefore, it is 
essential to develop delivery systems that can effectively 
transport siRNAs to target tissues. While siRNAs linked 
to lipids or encapsulated in liposomes have been shown 
to accumulate in the liver and silence specific genes, their 
presence in the kidneys may indicate degradation in 
tubular cells or elimination into the tubular lumen. This 
process reduces the targeting efficiency of siRNAs to renal 
tissues. Renal glomerular endothelium has a unique state. 
The glomerular capillary is distinguished by its fenestrated 
endothelium, which lacks a diaphragmatic covering. This 
feature contrasts with the fenestrated capillaries found in 
the villi of the intestine and in endocrine glands. On the 
other hand, the hydraulic pressure within the glomerular 
capillary is estimated to be between 45 and 70 mm Hg, 
which is considerably higher than that in the peripheral 
capillaries or portal venules.39

This variation may indicate that effective drug delivery 
to the glomeruli can be achieved while bypassing other 
tissues. 

TGF-β is a recognized profibrotic driver of kidney 
disease progression in mesangial cells. TGF-β1 activates 
MAPK1 with synergistic interaction between TGF-β1-
induced MAPK1 and Smad signaling. Additionally, in 
cultured mesangial cells, MAPK1 is known to initiate 
or modulate TGF-β1 expression, which is triggered 
by multiple factors, including angiotensin II, renin, 
mechanical stretch, and high glucose levels. Effective 
inhibition of intraglomerular gene expression has been 
achieved using siRNA conjugates with nanocarriers 
containing polyethylene glycol-poly l-lysine (PEG-PLL). 
This setup provides a valuable tool for investigating 
the molecular process driving glomerular diseases.39 
Wang and his team employed liposomal nanocarriers, 
approximately 110 nm in size, containing p38α MAPK 
and p65 siRNA. Polyethylenimine (PEI), as a synthetic 
branched or linear polymer with a positive charge, can 
protect siRNAs from degradation. These complexes 
facilitate cellular absorption, provide efficient lysosomal 
safeguarding, and enhance the release of siRNAs into 
the cytosol. In Shimizu’s study of experimental models 
of nephritis, intraperitoneal administration of siRNA/
PEG-PLL complexes targeting mitogen-activated protein 
kinase 1 (MAPK1) decreased glomerular MAPK1 mRNA 
and protein expression, leading to reduced proteinuria 
and glomerular inflammation.4 

Nanoparticle-based therapies offer advantages, such 
as improved therapeutic efficacy and reduced toxicity at 
higher doses. Chitosan, a biodegradable, biocompatible, 
non-toxic, and non-immunostimulatory cationic 
polymer, has been widely studied for its potential to 
deliver therapeutic compounds to the kidneys. Several 
studies have demonstrated the effectiveness of low-
molecular-weight chitosan in this context. Alan et al 
evaluated chitosan/siRNA nanoplexes for silencing the 
PDGF-B and PDGFR-β genes in the kidney, specifically 
targeting mesangial cell growth and matrix buildup in a 

Mesangial Proliferative Glomerulonephritis (MsPGN) 
model triggered by anti-Thy-1.1 antibody. The findings 
showed chitosan/siPDGF-B + siPDGFR-β nanoplexes as 
an innovative therapeutic approach to reduce mesangial 
proliferation and fibrosis in anti-Thy1 GN rat models.43 
GalNAc-siRNAs are another example of ligand-targeted 
conjugates that have been shown to suppress hepatic 
expression of complement components (C3, C5) in 
complement-mediated GN models, thereby indirectly 
reducing renal immune damage. Overall, engineered 
carriers and compounds have made significant progress 
and can significantly enhance renal siRNA delivery. 
Further optimization of biodistribution and endosomal 
escape is suggested.

siRNA in different glomerulonephritis
siRNA therapy is emerging as a promising targeted 
approach for GN, addressing pathogenic pathways such 
as inflammation, fibrosis, and immune dysregulation. 
The upcoming sections highlight the role of siRNAs in 
targeting key pathological pathways in different GNs.
C3 glomerulopathy
Complement 3 glomerulopathy (C3G) is an uncommon 
and complex kidney disorder characterized by significant 
C3 deposition in the glomeruli, with minimal to no 
immunoglobulin. This condition leads to damage to the 
glomerular structure. The pivotal events in the pathogenesis 
of the disease include mutations in complement factors 
and regulators, such as C3, FB, FH, FI, and CFHRs, as well 
as autoantibodies targeting complement components, 
such as C3 and FB. Additionally, nephritic elements that 
reinforce C3 and/or C5 convertase may also play a role.44 
Approximately 50-70% of patients with primary C3G 
exhibit inherited and/or acquired irregularities, and each 
of these irregularities can result in inappropriate activation 
or inadequate regulation of the signaling pathway.45 The 
clinical progression of C3G is variable and typically 
unfavorable, with about 50% of patients experiencing 
rapidly progressive glomerulonephritis that leads to 
end-stage renal failure in the first decade after being 
diagnosed. At present, there are no approved treatments 
available for C3G, and clinical management primarily 
focuses on supportive care aimed at managing proteinuria 
and hypertension. This may include immunosuppressive 
therapy and, in some cases, plasma exchange.46 Given the 
fundamental importance of the complement system in 
the development of C3 glomerulopathy, consideration 
has been directed to anti-complement agents, including 
eculizumab, which is a monoclonal antibody against C5, 
but unfortunately, the therapeutic response to eculizumab 
is very heterogeneous, indicating the activity of other 
dependent upstream pathways to C3-convertase, which 
cannot be blocked by eculizumab.47 The study by Zanchi 
et al evaluated the effect of GalNAc SLN501, a siRNA, on 
liver C3 production in factor H (FH) deficiency (Cfh + /- 
mice). They demonstrate that SLN501 and SLN500 
can cause a dose-dependent reduction in hepatic C3 
mRNA (up to ~91–95% silencing), a greater reduction 
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of serum C3, abolish C3 activation fragments, decrease 
FB activation, and restore plasma C5 levels to near wild-
type levels. In the glomerulus, high-dose SLN501 (8 mg/
kg) and SLN500 (5 mg/kg) significantly reduced C3d 
deposition (~52–53% reduction)—a slower development 
of mesangial and subendothelial electron-dense deposits 
in the kidneys was also observed. 

The current findings suggest that RNAi-mediated 
inhibition of C3 in the liver could be a promising 
therapeutic approach for patients with C3 glomerulopathy 
associated with partial or complete loss of factor H 
function.48 Although there are currently no treatments 
designed explicitly for C3 glomerulopathy, inhibiting 
liver-produced C3 with RNAi offers promising new 
therapeutic options. Preclinical studies in mouse models 
of C3G have demonstrated that this approach can 
effectively reduce fluid-phase complement dysregulation, 
limit glomerular C3 deposition, and slow the progression 
of ultrastructural kidney damage. Nonetheless, additional 
clinical research is needed to determine the safety profile 
of RNAi therapy for C3G in humans, particularly potential 
side effects such as increased susceptibility to infections 
and liver Toxicity in human subjects.
Membranous nephropathy (MN)
Membranous nephropathy is an autoimmune kidney 
disease characterized by the thickening of the glomerular 
capillary walls attributable to the deposition of immune 
complexes. In primary MN, antibodies often target the 
phospholipase A2 receptor (PLA2R) on the surface of 
podocytes, leading to the formation of immune complex 
deposits that trigger local complement activation and 
ultimately cause podocyte destruction and damage to the 
glomerular basement membrane. The classical pathway 
initiates harmful complement activation in MN. In an 
autoimmune mouse model of MN, targeting C3 with 
N-acetyl-galactosamine (GalNAc)- conjugated siRNAs 
for 4 weeks after the onset of significant proteinuria 
reduced disease. This treatment led to the complete 
elimination of glomerular C3 and the downstream C5b-9 
complex.49

siRNA in lupus nephritis
Systemic lupus erythematosus (SLE) is a complex 
autoimmune disease characterized by the production of 
autoantibodies, such as those targeting double-stranded 
DNA (dsDNA), which cause inflammation and tissue 
damage. One of the most serious complications related 
to SLE includes lupus nephritis (LN), which can lead 
to severe proteinuria, chronic renal failure, and end-
stage kidney disease. Recent studies have explored the 
therapeutic potential of siRNA as a new approach to 
modulating immune responses in SLE.

Elevated levels of circulating interferon (IFN)-α 
indicate immune system activation in SLE and correlate 
with the severity of the disease. Typically, type I IFN levels 
are heightened in SLE; however, this increase is frequently 
associated with abnormal gene expression within the IFN 
signaling pathway. This gene expression profile, known 
as the ‘IFN signature’, serves as a marker of more severe 

disease presentation, particularly when it impacts the 
kidneys.50 Type I interferons stimulate dendritic cells 
(DCs), leading to enhanced expression of costimulatory 
molecules, major histocompatibility complex class I and II 
(MHC class I and II) proteins, as well as chemokines and 
their receptors. Moreover, IFNs promote the activation of 
T and B cells, which increases antibody production.51

Sirtuin 1 (SIRT1), a NAD + -dependent deacetylase, 
plays an essential role in numerous biological functions, 
including immune regulation. Regarding SLE, SIRT1 is 
linked to the diversity and extension of follicular helper 
T (Tfh) cells. SIRT1, by promoting Tfh cell expansion, 
appears to be a promising therapeutic target for SLE. 
Studies have shown that suppressing SIRT1 expression 
with siRNA or blocking its function with agents such as 
EX527 or nicotinamide can hinder Tfh cell expansion in 
experimental settings.52

The complement structure plays a dual role in LN 
development. The contribution of kidney-secreted 
complement C3 to the circulating pool in humans is 
significant,53 indicating that modulating complement 
activity can affect the course of LN. The CD40-CD40L 
pathway is essential for the pathogenesis of SLE, the 
generation of autoantibodies, and their deposition in the 
kidneys, leading to renal injury in patients with LN. Ripoll 
et al found that glomerular C3 deposits were significantly 
reduced in mice treated with cholesterol-conjugated anti-
CD40 siRNA, resulting in decreased C3 gene expression 
in the kidneys. CD40 silencing also led to a decrease in 
infiltrating T-cells, suggesting a change in the subsequent 
local inflammatory response.54 These results support the 
potential therapeutic effects of selective CD40 blockade in 
LN.

In LN, hyperactivation of B lymphocytes and 
abnormal cytokine expression are essential mechanisms. 
Inflammatory cytokines such as IL-6, IL-10, and IL-
21 are known to stimulate B cell maturation, thereby 
contributing to the progression of lupus.55 Research 
has shown that the excessive expression of B cell-
activating factor (BLYSS) by type I IFNs plays a role in 
the progression of SLE, and its blocking may postpone 
the disease in mouse models. A recent study utilizing 
dual blockade therapy with engineered siRNAs targeting 
BLYSS and interferon regulatory factor 5 (IRF5) in NZB/
WF1 mice with conventional autoimmune nephritis 
demonstrated a decline in circulating anti-dsDNA 
antibodies and decreased immune complex deposition 
within renal histopathological lesions.56

Dihydroartemisinin (DHA), an artemisinin byproduct, 
exhibits significant anti-malarial activity with anti-
inflammatory and immunoregulatory properties. The 
Artemisinin derivative SM934DHA has also been 
shown to alleviate symptoms of lupus in BXSB mice by 
downregulating TLR4 signaling.57 Nevertheless, the focus 
of old-style antimalarial artemisinin medicines on a single 
target limits their use in the treatment of autoimmune 
diseases. TAT-CLs-DHA/siRNA is a therapeutic delivery 
system that utilizes a combination of TAT peptide-
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modified cationic liposomes, DHA, a metabolite of 
artemisinin, and specific siRNA. TAT-CLs-DHA/siRNA 
targets explicitly Toll-like receptor 4 (TLR4) signaling in 
lupus nephritis through a dual mechanism involving the 
delivery of siRNA that silences high-mobility group box 
1 (HMGB1) and the anti-inflammatory effects of DHA. 
HMGB1 is a proinflammatory cytokine that binds to TLR4, 
triggering inflammatory responses. This system aims to 
inhibit the signaling pathway of TLR4, a receptor that 
plays a significant role in the inflammatory response. The 
research showed that administering dihydroartemisinin 
and HMGB1 siRNAs via parenteral routes every 4 days 
using (TAT)-modified cationic liposomes (TAT-CLs-
DHA/siRNA) effectively inhibited B-cell proliferation 
and activation in lupus-prone MRL/lpr mice by targeting 
the TLR4 signaling pathway. Also, there was a decrease in 
proteinuria, serum anti-dsDNA antibody levels, and the 
secretion of interleukins IL-6, IL-10, IL-17, and IL-21.58

In MRL/lpr mice, a well-established model of LN, 
repeated intraperitoneal injections of MAPK1 siRNA 
resulted in significant suppression of MAPK1 mRNA and 
protein expression in glomeruli. MAPK1 siRNA delivered 
via poly (ethylene glycol)-poly (l-lysine) nanocarriers. 
The siRNA/nanocarrier complex (~10–20 nm) effectively 
crossed endothelial fenestrations to target mesangial 
cells. This therapy reduced glomerular inflammation, 
proteinuria, and fibrosis, improving kidney function.4

siRNA in immunoglobulin A nephropathy
Immunoglobulin A nephropathy is the most prevalent 
type of glomerulonephritis and carries a high risk of 
kidney failure. The pathogenesis of IgAN involves several 
key events (the “four-hit” hypothesis) comprising the 
creation of galactose-deficient IgA1 (Gd-IgA1), which acts 
as an autoantigen, the creation of autoantibodies against 
Gd-IgA1, formation of immune complexes between 
the autoantibodies and Gd-IgA1, and the deposition of 
these immune complexes in the glomerular mesangium, 
leading to glomerular injury. The development of siRNAs 
targeting specific components of the immune response, 
inflammation, or complement system could lead to more 
effective and safer treatments for IgAN.

Toll-like receptor 9 (TLR9), IL-6, and APRIL (A 
proliferation-inducing ligand) are involved in the 
synthesis of Gd-IgA1.59 A recent study showed that 
siRNA knockdown of APRIL completely blocked the 
IL-6-induced overproduction of Gd-IgA1. Using siRNA 
or other inhibitory strategies targeting APRIL and IL-6 
may reduce nephritogenic Gd-IgA1 levels and thereby 
mitigate kidney damage. Understanding individual 
variations in TLR9 expression and response could lead 
to personalized treatment strategies for patients with 
IgAN.59 Immune complex formation causes the activation 
of the complement system. The complement system can 
be activated through three different pathways: the lectin, 
classical, and alternative pathways. Key components 
such as C3 and C5 play pivotal roles in these pathways. 
Evidence supports the lectin pathway’s influence on 
IgAN progression and worse outcomes. MASP-2 is an 

essential enzyme that initiates the lectin pathway of the 
complement system, making it a suitable target for drug 
development.60 In a study by Ling and his colleagues, they 
used RNL288, a MASP2-targeting siRNA, for blocking 
the lectin pathway. They demonstrated reduced MASP2 
expression in primary human hepatocytes and cynomolgus 
monkey hepatocytes. Furthermore, in humanized mice, 
serum MASP2 levels were reduced by up to 94%. In non-
human primates, MASP2 levels remained suppressed for 
3 months without any adverse effects noted in toxicity 
assessments. These results indicate that RNK288 may 
be a feasible treatment alternative for individuals with 
IgAN by inhibiting lectin pathway activation, thereby 
potentially improving disease outcomes.61

Complement activation leads to the production of 
inflammatory mediators, such as C3a and C5a, which 
enhance tissue damage and inflammation. Meanwhile, 
C5b contributes to tissue damage in IgAN by creating the 
membrane attack complex (MAC), disrupting cellular 
membranes, and exacerbating glomerular injury.62 Given 
the roles of C5 and other components of the complement 
system, they represent potential therapeutic targets. 
A randomized clinical trial used Cemdisiran, an RNA 
interference therapy targeting hepatic C5 production, 
in IgAN patients to reduce proteinuria. The treatment 
achieved a 98.7% reduction in serum C5 levels and a 
37.4% reduction in the urinary protein-to-creatinine ratio 
(UPCR). These results suggest that Cemdisiran may help 
reduce proteinuria and potentially slow the progression 
to kidney failure and mortality. The therapy was well 
tolerated, with the most common treatment-related side 
effect being mild and transient injection site reactions. 
Additionally, a mild increase of alanine transaminase and 
aspartate transaminase was observed in 9% of patients, 
which normalized without any intervention.63

Both p38α MAPK and p65 are crucial regulators in 
inflammatory signaling pathways, particularly those 
involving p38 MAPK and NF-κB. Their over-activation 
contributes significantly to the inflammatory processes 
observed in IgAN. By silencing these genes, the liposomal 
nanoparticles aim to reduce inflammation, thereby 
protecting renal function and delaying the progression 
of kidney disease. Recent research has focused on the co-
delivery of p38α MAPK and p65 siRNA using innovative 
liposomal nanoparticles specifically designed to target the 
glomerulus, presenting a promising therapeutic strategy 
for IgAN. The co-delivery system not only effectively 
silenced the targeted genes but also alleviated key IgAN-
associated symptoms, such as proteinuria and renal 
inflammation. 39 This suggests that the approach could 
be a versatile platform for addressing novel strategies of 
glomerulus-directing and a hopeful calming way for other 
inflammatory diseases.
Obesity-related glomerulopathy 
Obesity presents a remarkable public health challenge, with 
its prevalence rising on a global scale. One considerable 
renal complication linked to obesity is obesity-related 
glomerulopathy (ORG), characterized by proteinuria and 
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glomerulomegaly in obese individuals, without any clinical 
and histopathological signs of the other renal diseases.64 
The pathogenesis of ORG is associated with adipose 
tissue dysfunction, such as elevated inflammation, rather 
than alterations in adipose tissue volume, suggesting that 
body mass index (BMI) may not be a reliable indicator of 
metabolic syndrome.65 In contrast to healthy individuals, 
the renal tissues of patients with ORG exhibited elevated 
levels of tumor necrosis factor-α, interleukin (IL)-1, and 
IL-6. This elevation in pro-inflammatory cytokines causes 
glomerular sclerosis and subsequent deterioration of renal 
organization and function. Podocytes are specialized 
visceral epithelial cells that demonstrate limited renewing 
capacity. The quantity and structural integrity of 
podocytes are essential for sustaining normal glomerular 
filtration. Adiponectin is an adipocytokine predominantly 
produced by adipose tissue, with anti-atherosclerotic, 
anti-inflammatory, and anti-diabetic properties. It is 
crucial in the instruction of glucose and lipid metabolism 
and demonstrates an inverse relationship with obesity.66 
The silencing of the adiponectin gene using siRNA led to 
increased ROS production, which, in turn, triggered the 
NLRP3 inflammasome and phosphorylated NF-κB in 
podocytes. 

Critical perspective and future directions
The results of siRNA therapies to date have been promising 
in experimental models of glomerulonephritis, such as 
GalNAc-linked siRNAs targeting hepatic C3, which are 
liver-specific and efficient in gene silencing. A few clinical 
studies have also shown promising results, including 
Cemdisiran, which targets hepatic C5 synthesis and has 
demonstrated clinical efficacy, including significant 
reductions in proteinuria and complement activity in IgA 
nephropathy with a well-defined immune profile. These 
strategies are promising and offer the highest translational 
potential, leveraging established drug-delivery platforms 
and favorable pharmacokinetics.

In contrast, approaches that directly target 
intraglomerular cells (e.g., mesangial, endothelial, 
or podocyte-specific delivery using nanoparticles or 
liposomes) remain largely preclinical. While studies using 
PEG-PLL or chitosan nanoplexes have demonstrated 
effective gene silencing in animal models, challenges 
in achieving selective glomerular uptake, preventing 
endosomal degradation, and minimizing immune 
activation continue to hinder clinical application.

In an overview of the mechanisms of siRNA therapies, 
targeting simultaneous activation of the complement 
(C3, C5, MASP-2) and fibrosis/inflammation (p38 
MAPK, NF-κB, TGF-β) pathways appears promising. 
Dual-targeting by siRNA systems, such as BLYSS + IRF5 
inhibition in lupus nephritis, may be more effective in 
improving efficacy by addressing the multifactorial nature 
of immune damage.

However, the limitation of using siRNA in the treatment 
of glomerulonephritis is that it can bind unintended genes 
and silence them, or unmodified siRNAs can trigger innate 

immune responses via toll-like receptors (TLR3, TLR7, 
TLR8), leading to type I interferon induction. Recent 
clinical trials (e.g., Cemdisiran in IgAN) generally had 
favorable safety profiles. Most adverse events were mild 
and transient, such as injection-site reactions or mild liver 
enzyme elevations. Serious events were rare. Long-term 
monitoring is ongoing, particularly for immune-related 
adverse events and hepatic toxicity. Compared with 
conventional therapy, unlike broad immunosuppressants, 
siRNA therapies provide targeted gene silencing, which 
may reduce systemic immunosuppression and associated 
risks, such as infections or bone marrow suppression.

Although siRNA therapies for GN show promise 
in preclinical studies, they are still far from clinical 
implementation and inclusion in guidelines. Key 
challenges include high costs, limited accessibility in 
resource-limited settings, and potential health disparities. 
Cost-effectiveness analyses comparing siRNA with 
conventional therapies, along with strategies such as 
tiered pricing, insurance coverage, local manufacturing, 
and public-private partnerships, will be essential to 
enabling equitable global access. 

Other alternatives to siRNAs include antisense 
oligonucleotides (ASOs), which bind to target mRNA 
via single-stranded interactions and are degraded by 
RNase H. They have easier access to nuclear targets and 
simpler chemical structures. However, they are generally 
weaker in gene silencing and less stable than siRNAs.67 
Unlike siRNA, which has reversible effects, the CRISPR/
Cas method permanently modifies DNA sequences, 
raising safety and ethical concerns about off-target and 
irreversible mutations.68 Furthermore, monoclonal 
antibodies (mAbs), which are currently the mainstay 
of immunological therapy in glomerulonephritis (e.g., 
rituximab, eculizumab), act at the protein level. In 
contrast, siRNA therapies can inhibit the production of 
pathogenic proteins altogether, potentially providing 
longer-lasting effects at lower doses.69 Overall, siRNA 
therapies represent a good example of a biologic drug 
and ggene silencing technology, with their target-
specific performance and good safety supporting their 
translational potential in kidney diseases.

The development of siRNA-based therapies for 
glomerulonephritis should focus on translating preclinical 
studies into clinical trials and long-term follow-up. The 
use of molecular and genetic biomarkers in parallel with 
siRNA therapy (e.g., complement activation profiles, 
interferon signatures, or podocyte injury markers) could 
be a promising approach for personalized therapeutic 
strategies.

Conclusion
To sum up, siRNA therapy demonstrated significant 
potential in treating GN. siRNA therapies offer a promising, 
targeted approach to treating glomerulonephritis 
by targeting the disease’s underlying molecular 
mechanisms. While traditional treatments provide broad 
immunosuppression, they often come with significant 
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side effects and do not target specific disease pathways. 
The development of effective siRNA therapies for GN is 
still in its early stages. Still, ongoing research and clinical 
trials may pave the way for more precise and potent 
therapies with reduced adverse effects than traditional 
approaches. siRNA therapies show promise in modulating 
key signaling pathways and silencing intraglomerular 
genes, improving kidney function, reducing proteinuria, 
and glomerular damage, inflammation, and fibrosis. Still, 
more research is needed to fully understand their long-
term effects and ensure their safety and efficacy. 
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