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Abstract:

Therapeutic approaches for the treatment of lupus nephritis and systemic lupus erythematosus have
emerged from the inhibition of the CD40-CD40L pathway. Early-phase clinical trials and preclinical
studies have underlined the efficacy of this approach by showing declines in renal inflammation,
autoantibody concentrations, and proteinuria, so indicating changes in important disease markers.
Second-generation anti-CD40 and anti-CD40L antibodies including BI 655064, Iscalimab, and
Dapirolizumab pegol offer a safer and more effective treatment alternative that has lessened safety
concerns about thromboembolic events recorded in past treatments. These new molecules are meant
to be more selective targets, so reducing undesired immune response. The results of present Phase II
studies will be very important in deciding whether these treatments are safe and effective for SLE and
LN patients. Should these treatments be successful, they could considerably slow down development,
improve long-term patient outcomes, lower renal damage, and greatly improve disease management.
The therapeutic possibilities of CD40-CD40L blockage as well as their ability to transform lupus
treatment are investigated in this review.
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Introduction

The chronic autoimmune disorder known as
systemic lupus erythematosus breaks down self-
tolerance and produces autoantibodies aimed at
nuclear antigens (1, 2). Renal involvement in SLE,
sometimes referred to as lupus nephritis (3), affects
40-60% of patients and is a major cause of end-stage
renal disease; approximately 10% of patients advance
to this stage within a decade (4). LN significantly
elevates morbidity, mortality, and the overall health

burden in affected individuals. Maintaining renal
function, preventing disease exacerbations, lowering
treatment-associated adverse effects, and improving
the patient’s quality of life are the main objectives
in controlling LN. Usually, treatment consists in
strong immunosuppressive induction phase therapy
followed by maintenance therapy (5). Often taken
in combination with glucocorticoids, common
medications include cyclophosphamide, azathioprine,
and mycophenolate mofetil (MMF). Rituximab, an
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anti-CD20 monoclonal antibody, is occasionally
utilized for patients who do not react to traditional
treatments or suffer from significant adverse effects,
despite its lack of formal indication for LN (7).
Though survival rates have improved over the past
thirty years, these treatments have been linked to
significant side effects including ovarian failure,
leukopenia, alopecia, and increased susceptibility to
infections (8, 9). Extended glucocorticoid use could
cause ocular damage, steroid-induced diabetes, low
bone mineral density, and Cushingoid symptoms
(10). Treatment failure and refractory lupus nephritis
are much influenced by non-compliance resulting
from these negative consequences. As such, more
effective and better-tolerated treatments especially
addressing the basic processes of LN are desperately
needed (11, 12).

In parallel, the CD40-CD40L signaling pathway
has emerged as a critical mediator in various
autoimmune and inflammatory diseases, including
SLE and atherosclerosis (13). Working within
the tumor necrosis factor receptor and ligand
superfamily, co-stimulating molecules CD40 and
CD40L are essential for activating the adaptive
immune response (14). Research over the past thirty
years has clearly shown that the CD40-CD40L
system drives immune responses in these disorders
(15). Nevertheless, the precise biological purpose
of this pathway is still a subject of discussion, so
complicating our whole knowledge of its influence
(16). Advancement of vascular inflammation in
atherosclerosis, a chronic inflammatory disease of
the arterial walls, depends on interactions between
antigen-presenting cells (APCs) and T lymphocytes
(17). The immunological processes of SLE and
atherosclerosis will be investigated in this review
together with the function of CD40-CD40L in their
development and progression as well as therapeutic
approaches meant to target this pathway to reduce
disease outcomes in both diseases (18).

Given the critical role the CD40-CD40L pathway
plays in atherosclerosis and systemic lupus
erythematosus, targeted modulation of this pathway
offers possible therapeutic advances to fill in for
current shortcomings in both diseases (19). By means
of a more exact and less toxic approach for altering
immune responses in systemic lupus erythematosus,
lupus nephritis, and atherosclerosis, targeting
CD40-CD40L interactions may help to improve
patient outcomes and minimize long-term therapy
consequences (20).

The biological function of CD40-CD40L interaction
Adaptive and innate immune responses depend
on the CD40-CD40L interaction. Signalling that
modulates many immunological processes is started
by the interaction between CD40 on immune cells
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including B cells, dendritic cells, and macrophages,
and CD40L on T cells. B cell differentiation,
proliferation, and memory B cell development
depend on the interactions between CD40 and CD40L
(22). The connection also helps T cell-dependent
immune responses, which include the development
of germinal centers, changing immunoglobulin
classes, somatic hypermutation, and the formation
of plasma cells. This route is essential in thymus-
dependent immunological responses, wherein the
activation of helper T cells (Th) and T follicular
helper (TFH) cells is pivotal for B cell activation
(24). By increasing cytokine production, boosting
co-stimulating molecule expression, and encouraging
Th-cell proliferation, the interaction of CD40 and
CD40L influences dendritic cell functions (25).

Apart from its role in humoral immunity, especially
in autoimmune diseases, the CD40-CD40L pathway
helps cell-mediated immunity (26).

This link can increase the expression of CD80/86
on dendritic cells, which triggers T cells associated
with graft rejection. Inhibition of CD40 or CD40L can
trigger T cell death and facilitate the differentiation of
regulatory T cells (27). Additionally, by modulating
macrophage activation, this pathway produces matrix
metalloproteinases, nitric oxide, and proinflammatory
cytokines—all of which are vital for immunological
responses (28). Furthermore indicating its function
in vascular diseases, including atherosclerosis (29),
the CD40-CD40L axis promotes adhesion between
endothelial cells and neutrophils. Regarding lupus
nephritis (3), understanding the role of CD40-CD40L
in immune activation presents possible therapeutic
directions. Biologic therapy, especially those targeting
immunological pathways like CD40-CD40L, may
reduce glucocorticoid utilization and renal flares in
lupus nephritis (30). The main function of B cells in
lupus nephritis and systemic lupus erythematosus has
led to the creation of biologic treatments designed
to manage B cell activity. Although rituximab
(an anti-CD20 monoclonal antibody) is widely
used for difficult cases of lupus nephritis, clinical
trials have shown mixed results, and it is not yet
approved for systemic lupus erythematosus or lupus
nephritis. Alternative anti-CD20 antibodies, such
as ocrelizumab and obinutuzumab, have undergone
evaluation, with obinutuzumab demonstrating
enhanced renal response when administered
alongside standard therapy in a Phase IIb trial.
Approved as an adjunctive therapy for systemic lupus
erythematosus (2), belimumab is a human antibody
that inhibits B-lymphocyte stimulator (BAFF), with
Phase I1I studies in lupus nephritis showing positive
results, including improvements in renal function and
declines in proteinuria (33).

A major factor in the development of systemic
lupus erythematosus and lupus nephritis is believed
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to be the activation of the type I interferon (IFN)
system. Evaluating an IFN receptor antagonist,
anifrolumab, the Phase III TULIP 2 trial revealed
a reduction in the severity of systemic lupus
erythematosus disease activity, in line with the British
Isles Lupus Assessment Group-based Composite
Lupus Assessment (BICLA). The Phase III TULIP 2
trial, which evaluated anifrolumab, an IFN receptor
antagonist, showed a decrease in the severity of
systemic lupus erythematosus disease activity, as
per the British Isles Lupus Assessment Group-based
Composite Lupus Assessment (BICLA) (2). Apart
from drugs aimed at CD40 and its ligand, efforts have
been made to target other co-stimulating molecules
(35). Abatacept is a type of protein that connects
CTLA4 to a part of immunoglobulin G1 (IgGl),
mainly controlling the CD28-CD80/86 signaling
pathway to prevent T-cell activation. Researchers
have studied abatacept in lupus nephritis and systemic
lupus erythematosus, despite its failure to meet its
primary goals in many studies. Consequently, despite
continuous and completed clinical trials, no biologic
treatments have received a license for the treatment
of LN (37).

CDA40 antibodies and newer anti-CD40L antibodies
were created to stop platelet activation and address
previous safety issues, leading to renewed interest
in this treatment approach for lupus nephritis. This
study explains how CD40 and its ligand are involved
in lupus nephritis and gives an overview of the
CD40/CD40L-targeted therapies that are currently
being developed.

CD40-CD40L and SLE

With its activation promoting inflammation and
tissue damage in both diseases, the CD40-CD40L
interaction is central in both atherosclerosis and
lupus nephritis (39). The chronic inflammatory
disease known as atherosclerosis, which affects the
arterial walls, is typified by plaque development that
narrows the arteries and causes severe consequences,
including myocardial infarction, heart failure, and
stroke (40). T cells and monocytes enter the injured
vascular lining during its development, differentiate
into macrophages, and help to create foam cells, so
triggering additional recruitment of inflammatory
cells and the breakdown of the extracellular
matrix. Crucially in this process are CD40-CD40L
interactions; CD40 expression on monocytes is
essential in activating immune responses (41). This
signaling pathway contributes to the formation of
necrotic cores and plaque rupture, key events in
cardiovascular events. Research on the inhibition
of CD40-CD40L signaling in animal models has
indicated that this could help to lower atherosclerotic
plaque size and stabilize plaque phenotypes, so
stressing CD40-CD40L as a possible therapeutic

target for atherosclerosis (42).

In LN, too, key causes of renal inflammation
and tissue damage are CD40-CD40L interactions.
Severe form of systemic lupus erythematosus,
LN, is typified by immune complexes deposited
in the kidneys that activate renal cells and produce
inflammatory cytokines and chemokines (43). This
causes lymphocytes and myeloid cells to migrate,
so aggravating tissue damage. Expression of CD40
is found in both immune and non-immune cells; its
interaction with CD40L on T cells is essential for B
cell activation and the synthesis of autoantibodies,
so aggravating SLE and LN pathogenesis. In the
kidneys, CD40L-mediated activation of mesangial
cells, endothelial cells, and myeloid cells amplifies
the inflammatory response, promoting fibrosis and
glomerular injury (45). Key sources of CD40L,
platelets help to upregulate CD40 on renal cells
and generate pro-inflammatory molecules including
MCP-1 and TGF-B1, so aggravating renal damage
(46). Targeting the CD40-CD40L pathway seems
to be helpful for treating LN since blockade of this
pathway has been shown to lower MCP-1 generation
and minimize glomerular damage.

Both atherosclerosis and LN are complicated
inflammatory diseases in which tissue damage and
immune cell activation depend critically on the
CD40-CD40L interaction. While in LN CD40-
CD40L signaling fuels renal inflammation and
fibrosis, in atherosclerosis it helps to cause plaque
instability and rupture. These insights underscore the
potential of targeting CD40-CD40L interactions as a
therapeutic strategy for both diseases, with ongoing
research focusing on developing inhibitors of this
pathway for clinical use (47).

Targeting the CD40-CD40L Pathway in Systemic
Lupus Erythematosus (2) and Lupus Nephritis(3)

The CD40-CD40L pathway plays a key role in
causing systemic lupus erythematosus and lupus
nephritis. Starting and maintaining inflammatory
processes in SLE, an autoimmune disease defined
by systemic inflammation, dysregulated immune
responses, and autoantibody generation, CD40-
CD40L interactions between immune cells T
cells, B cells, and dendritic cells are absolutely
vital (48). This pathway generates autoantibodies
and immune complexes that deposit in various
tissues, including the kidneys, thereby accelerating
the progression of the disease. This pathway
also activates autoreactive T and B cells (49).
Driven by kidney T cell and B cell activation (50),
LN is one of the most severe SLE symptoms; hence,
renal inflammation and damage result. Engaging on
renal dendritic cells and other antigen-presenting
cells, CD40L on activated T cells stimulates the
synthesis of pro-inflammatory cytokines and

3


Jayne D, Rovin B, Mysler E, Furie R, Houssiau F, Trasieva T, et al. Anifrolumab in lupus nephritis: results from second-year extension of a randomised phase II trial. Lupus science & medicine. 2023;10(2).
Pucino V, Gardner DH, Fisher BA. Rationale for CD40 pathway blockade in autoimmune rheumatic disorders. The Lancet Rheumatology. 2020;2(5):e292-e301.
http://Wofsy D, Hillson J, Diamond B. Abatacept for lupus nephritis Alternative definitions of complete response support conflicting conclusions. Arthritis and rheumatism. 2012;64.
http://Ots HD, Tracz JA, Vinokuroff KE, Musto AE. CD40-CD40L in Neurological Disease. International journal of molecular sciences. 2022;23(8).
Madaudo C, Coppola G, Parlati AL, Corrado E. Discovering Inflammation in Atherosclerosis: Insights from Pathogenic Pathways to Clinical Practice. International journal of molecular sciences [Internet]. 2024; 25(11).
http://Jebari-Benslaiman S, Galicia-García U, Larrea-Sebal A, Olaetxea JR, Alloza I, Vandenbroeck K, et al. Pathophysiology of Atherosclerosis. International journal of molecular sciences. 2022;23(6).
Bosmans LA, van Tiel CM, Aarts S, Willemsen L, Baardman J, van Os BW, et al. Myeloid CD40 deficiency reduces atherosclerosis by impairing macrophages' transition into a pro-inflammatory state. Cardiovascular research. 2023;119(5):1146-60.
Yung S, Yap DY, Chan TM. Recent advances in the understanding of renal inflammation and fibrosis in lupus nephritis. F1000Research. 2017;6:874.
http://Zhang S, Breidenbach JD, Russell BH, George J, Haller ST. CD40/CD40L Signaling as a Promising Therapeutic Target for the Treatment of Renal Disease. Journal of clinical medicine. 2020;9(11).
Cognasse F, Duchez AC, Audoux E, Ebermeyer T, Arthaud CA, Prier A, et al. Platelets as Key Factors in Inflammation: Focus on CD40L/CD40. Frontiers in immunology. 2022;13:825892.
http://Daub S, Lutgens E, Münzel T, Daiber A. CD40/CD40L and Related Signaling Pathways in Cardiovascular Health and Disease—The Pros and Cons for Cardioprotection. International journal of molecular sciences [Internet]. 2020; 21(22).
Moulton VR, Suarez-Fueyo A, Meidan E, Li H, Mizui M, Tsokos GC. Pathogenesis of Human Systemic Lupus Erythematosus: A Cellular Perspective. Trends in molecular medicine. 2017;23(7):615-35.
Pan L, Lu MP, Wang JH, Xu M, Yang SR. Immunological pathogenesis and treatment of systemic lupus erythematosus. World journal of pediatrics : WJP. 2020;16(1):19-30.
Chang A, Clark MR, Ko K. Cellular aspects of the pathogenesis of lupus nephritis. Current opinion in rheumatology. 2021;33(2):197-204.

Mohadeseh Sadeghinia

Advanced Therapies Journal

chemokines, aggravating tissue damage. Blocking
the CD40-CD40L interaction seems like a good
therapeutic strategy since it helps reduce immune-
mediated damage and stops the development of end-
stage renal disease (51).

Preclinical Models and Mechanistic Insights

Apart from the basic studies, several preclinical and
clinical investigations have repeatedly looked at the
therapeutic possibilities of CD40-CD40L blockage
for lupus and lupus nephritis (52). Targeting the
CD40-CD40L pathway has repeatedly been shown in
studies both in human subjects and mouse models to
reduce disease activity, improve renal function, and
control immunological responses (53).

A study by Rush et al. (2014) investigated the
therapeutic effects of anti-CD40 therapy in NZB/
W-F1 mice with developed lupus nephritis (54).
Anti-CDA40 treatment reduced proteinuria, decreased
autoantibody synthesis, and increased survival
relative to control subjects, according to the study.
Significantly, anti-CD40 therapy reduced histological
markers of kidney damage, so supporting the renal
protective effects of CD40 inhibition in lupus
nephritis (55).

Moreover, anti-CD40 and anti-CD40L antibodies
have shown promise for the treatment of lupus and
lupus nephritis in clinical trials including human
participants. A Phase II clinical trial evaluated the
anti-CD40L antibody dapirolizumab pegol (CDP65)
in patients with systemic lupus erythematosus (56).
Specifically in those with active lupus nephritis, the
results indicated that dapirolizumab pegol medication
improved disease activity and renal function. This
study indicated that treating lupus and preventing
renal damage in affected individuals (57) could
benefit from CD40-CD40L blockage as a successful
therapy approach.

Moreover, studies of other anti-CD40 and anti-
CD40L antibodies—including BI 655064 and
iscalimab—have shown positive results in the
treatment of autoimmune diseases, including lupus
and lupus nephritis (58). In animal models and
first clinical trials, these antibodies have shown the
ability to reduce B cell activation, control T cell
responses, and improve renal function. Importantly,
these antibodies have been developed to lower the
risk of thromboembolic events—a concern related
to past generations of anti-CD40L antibodies (59).

The Potential of CD40-CD40L Inhibition in Systemic
Lupus Erythematosus and Lupus Nephritis

Research by Shock et al., Perper et al., and others
has demonstrated substantial evidence that targeting
the CD40-CD40L pathway has considerable
therapeutic advantages in the management of
SLE and lupus nephritis (60). Inhibition of CD40-
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CD40L diminishes disease activity, enhances
renal outcomes, and facilitates targeted immune
modulation, rendering it a compelling choice for the
management of these intricate autoimmune disorders
(61). This therapy approach’s primary advantage is
its capacity to mitigate pathogenic immune responses
responsible for lupus nephritis while preserving
normal immunological function (62).

Moreover, the favorable outcomes from preclinical
investigations have been corroborated by initial-phase
clinical trials, indicating that CD40-CD40L blockage
may serve as an effective and safe therapeutic
option for patients with active lupus nephritis (63).
The ongoing advancement of second-generation
anti-CD40 and anti-CD40L antibodies, including
BI 655064 and iscalimab, offers the potential for
enhancing the safety and efficacy of CD40-CD40L-
targeted treatments in systemic lupus erythematosus
and lupus nephritis (64).

As our understanding of CD40-CD40L signaling
in autoimmune diseases advances, CD40-CD40L
blockade is likely to become a crucial part of
the therapeutic options for treating SLE and
lupus nephritis, thereby providing patients with
a promising new strategy for managing these
complex and debilitating disorders (65). Ongoing
clinical studies and the development of increasingly
advanced therapeutics suggest that CD40-CD40L
blockage may greatly improve outcomes and
quality of life for lupus nephritis patients (66). After
proteinuria starts, which is a sign of lupus nepbhritis,
patients received one dose of pegylated anti-CD40L
monoclonal antibody (CDP654). Indeed, half of the
treated patients showed disease remission, which
demonstrates how well CD40L inhibition works as a
therapeutic intervention in developed lupus nephritis
(68). This drug helped to calm down T cells,
reduced the production of interferon-I (IFN-I), and
lowered the levels of inflammatory substances in
the kidneys. The findings indicated that CD40L
inhibition may control the immune system to
reduce the inflammatory response responsible
for kidney damage in lupus nephritis, so offering
a possible course of treatment for patients with
present disease (70).

Perper et al. (2017) conducted a comparable study
examining the effects of a chimeric anti-CD40
monoclonal antibody (201A3) in NZB/W-F1 mice,
which also develop lupuss (55). Therapy with 201 A3
reportedly significantly reduced splenic germinal
center development, T follicular helper (Tth) cell
counts, and proteinuria (71). This treatment restored
glomerular architecture necessary for maintaining
normal kidney function and greatly reduced immune
cell invasion in the kidneys (72). The results were
significant because they demonstrated that CD40
blockage could specifically focus on the immune


http://Tang T, Cheng X, Truong B, Sun L, Yang X, Wang H. Molecular basis and therapeutic implications of CD40/CD40L immune checkpoint. Pharmacology & therapeutics. 2021;219:107709.
Roveta A, Parodi EL, Brezzi B, Tunesi F, Zanetti V, Merlotti G, et al. Lupus Nephritis from Pathogenesis to New Therapies: An Update. International journal of molecular sciences [Internet]. 2024; 25(16).
St. Clair EW, Baer AN, Ng W-F, Noaiseh G, Baldini C, Tarrant TK, et al. CD40 ligand antagonist dazodalibep in Sjögren’s disease: a randomized, double-blinded, placebo-controlled, phase 2 trial. Nature Medicine. 2024;30(6):1583-92.
http://Allard CC, Salti S, Mourad W, Hassan GS. Implications of CD154 and Its Receptors in the Pathogenesis and Treatment of Systemic Lupus Erythematosus. Cells. 2024;13(19).
Perper SJ, Westmoreland SV, Karman J, Twomey R, Seagal J, Wang R, et al. Treatment with a CD40 Antagonist Antibody Reverses Severe Proteinuria and Loss of Saliva Production and Restores Glomerular Morphology in Murine Systemic Lupus Erythematosus. J Immunol. 2019;203(1):58-75.
Furie RA, Bruce IN, Dörner T, Leon MG, Leszczyński P, Urowitz M, et al. Phase 2, randomized, placebo-controlled trial of dapirolizumab pegol in patients with moderate-to-severe active systemic lupus erythematosus. Rheumatology (Oxford, England). 2021;60(11):5397-407.
Chamberlain C, Colman P, Ranger A, Burkly L, Johnston G, Otoul C, et al. Repeated administration of dapirolizumab pegol in a randomised phase I study is well tolerated and accompanied by improvements in several composite measures of systemic lupus erythematosus disease activity and changes in whole blood transcriptomic profiles. Annals of the Rheumatic Diseases. 2017;76:annrheumdis-2017.
Schwabe C, Rosenstock B, Doan T, Hamilton P, Dunbar PR, Eleftheraki AG, et al. Safety, Pharmacokinetics, and Pharmacodynamics of Multiple Rising Doses of BI 655064, an Antagonistic Anti-CD40 Antibody, in Healthy Subjects: A Potential Novel Treatment for Autoimmune Diseases. Journal of clinical pharmacology. 2018;58(12):1566-77.
Mansour I, Murugapandian S, Tanriover B, Thajudeen B. Contemporary Monoclonal Antibody Utilization in Glomerular Diseases. Mayo Clinic proceedings Innovations, quality & outcomes. 2023;7(4):276-90.
Lee WS, Amengual O. B cells targeting therapy in the management of systemic lupus erythematosus. Immunological Medicine. 2020;43(1):16-35.
http://61
http://62
http://63
http://64
http://65
http://66
http://68
http://70
Perper SJ, Westmoreland SV, Karman J, Twomey R, Seagal J, Wang R, et al. Treatment with a CD40 Antagonist Antibody Reverses Severe Proteinuria and Loss of Saliva Production and Restores Glomerular Morphology in Murine Systemic Lupus Erythematosus. J Immunol. 2019;203(1):58-75.
http://71
http://72

Spring 2025, Volume 7, Issue 23(1-9)

Mohadeseh Sadeghinia

processes causing kidney damage in lupus, without
the wide-ranging immune suppression that comes
with other drugs like corticosteroids.

Rush et al. (2014) also validated these results by
looking at anti-CD40 therapy in NZB/W-F1 mice
showing lupus nephritis (74). Relative to control
mice, anti-CD40 therapy was seen to reduce
proteinuria, lower autoantibody synthesis, and
increase survival. Importantly, anti-CD40 therapy
lowered signs of kidney damage in tissue samples,
giving more proof that blocking CD40-CD40L
could help treat lupus nephritis. The study revealed
that the therapeutic advantages of CD40 blocking
could be sustained, indicating that CD40 inhibition
could promote lifelong tolerance to inflammatory
mechanisms in lupus (75).

These preclinical studies taken together provide a
strong case for focusing on the CD40-CD40L pathway
in lupus nephritis and systemic lupus erythematosus.
The results of these studies consistently show that
blocking CD40-CD40L can significantly help reduce
disease activity and protect kidney function.

Clinical Trials and Mechanistic Insights

In reaction to early research findings, clinical trials
have looked into how well blocking CD40-CD40L
works in people with lupus nephritis and systemic
lupus erythematosus (3, 77). In a clinical trial testing
dapirolizumab pegol (CDP7657), an anti-CD40L
antibody, in patients with SLE, good results were seen.
Especially in patients with active lupus nephritis, this
study revealed that dapirolizumab pegol dramatically
increases renal function and disease activity. Strong
data from the Phase I1 trial (78) suggests that targeting
CD40-CD40L interactions may be a successful
therapeutic approach for lupus and prevention of
renal impairment in affected patients.

Second-generation anti-CD40 and anti-CD40L

antibodies such as iscalimab and BI 655064 which
have shown great promise in the treatment of
autoimmune diseases, including lupus (79), have
drawn more attention in further studies. Targeting
CD40, a type of human-made antibody called BI
655064, blocks the interaction between CD40
and CD40L without causing platelet activation
or producing cytokines. Both single and multiple
ascending doses of BI 655064 produced over 90%
occupancy of the CD40 receptor in healthy adults
without generating thromboembolic events and
prevented CD54 upregulation, a sign of B-cell
activation. Phase II clinical studies in lupus nephritis
patients are now in progress to confirm the efficacy
of BI 655064 in humans. Preliminary data point
to significant clinical benefits, including lower
proteinuria and improved renal function, as well as a
favorable safety record (58).

Inasimilar vein, preclinical models have shown that

calimab (CFZ533), the Fc-silent, non-depleting anti-
CD40 monoclonal antibody, efficiently reduces CD40
signaling (81). In studies with cynomolgus monkeys,
iscalimab completely stopped the development of
germinal centers and improved transplant survival
without causing blood clotting issues. In a first-in-
human trial, iscalimab was well tolerated; safety
parameters showed no clinically significant changes
(64). Currently undergoing a Phase II trial in patients
with proliferative lupus nephritis, iscalimab’s early
data show notable therapeutic advantages in lowering
disease activity and preserving renal function (82).

Focusing on the CD40-CD40L pathway in patients
with lupus nephritis could strengthen the potential
benefits seen in clinical trials for other autoimmune
diseases, like rheumatoid arthritis and Sjogren’s
syndrome. Additionally, in a study with VIB4920,
a specific protein targeting CD40L, patients with
rheumatoid arthritis and healthy volunteers did not
show any signs of platelet activation or clumping
(83). These results suggest that blocking the CD40-
CD40L pathway can control B-cell activity and
lessen autoimmune diseases without causing harmful
side effects (84).

A Phase Ila study of iscalimab in patients with
primary Sjogren’s syndrome showed it was effective,
as patients had lasting responses for up to 32 weeks
and lower scores on the EULAR Sjogren’s Syndrome
Disease Activity Index (ESSDAI). The study linked
the therapeutic impact to decreases in the B-cell
chemoattractant CXCL13 and a tendency for reduced
levels of anti-SSA and anti-SSB autoantibodies.
The fact that autoantibody levels did not change
much when compared to RA patients shows how
complicated autoimmune diseases are and that
blocking CD40-CD40L can have different effects
depending on the specific disease situation (85).

The main emphasis of the translation of preclinical
results into human clinical trials has been anti-CD40
and anti-CD40L antibody evaluations in SLE and LN
patients. Even though the first type of anti-CD40L
antibodies, like ruplizumab (BG9588), caused safety
problems, especially with blood clots, newer versions of
these drugs have been created to lower these risks (86).

Originally tested in SLE patients in a Phase II trial,
BG9588 is an anti-CD40L monoclonal antibody.
Ruplizumab treatment lowered protein levels in
urine, reduced autoantibody levels, and improved
SLE Disease Activity Index (SLEDAI) scores in
people with lupus nephritis, indicating that the
disease might be managed effectively. Some patients
experienced thromboembolic complications with
other first-generation anti-CD40L antibodies a safety
concern that calls for early trial termination (87).

Early Phase I trials found that BI 655064 achieved
over 90% CD40 receptor occupancy in healthy
volunteers  without inducing thromboembolic
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events. Phase II studies evaluating lupus nephritis
patients have found BI 6550 to be an induction
and maintenance treatment. Preliminary data
shows a favorable safety record (88, 89) together
with some obvious clinical benefits, including
reduced proteinuria and enhanced renal function.
Preclinical models wusing the Fc-silent anti-
CD40 monoclonal antibody iscalimab (CFZ533)
have shown a strong decrease in CD40-CD40L
interactions. Iscalimab was well tolerated, showed
no thromboembolic events, and decreased B-cell
activation and germinal center development in a
Phase I trial comprising healthy volunteers. The
effectiveness of iscalimab in treating proliferative
lupus nephritis is currently undergoing a Phase II
trial (90).

A Phase I trial including SLE patients tested
dapirolizumab pegol (CDP765), an anti-CD40L
antibody fragment, with encouraging outcomes,
including improved disease activity and a favorable
safety profile free of thromboembolic events.
Although it did not achieve its primary endpoint, a
subsequent Phase IIb study demonstrated significant
pharmacodynamic effects, including reductions in
anti-dsDNA levels and proteinuria, indicating its
potential as an alternative therapy for active SLE (56,
o).

These results indicate that blocking CD40 and
CD40L could be a potential treatment for lupus
nephritis and SLE. Whereas first-generation anti-
CD40L antibodies faced safety concerns (92),
second-generation agents, including BI 655064,
iscalimab, and dapirolizumab pegol, show improved
safety profiles and promising therapeutic effects;
thus, they are strong candidates for further clinical
development. The success of these drugs in reducing
disease symptoms and protecting kidney function
highlights the importance of blocking CD40-CD40L
in treating lupus nephritis and other autoimmune
diseases.

Conclusion

One intriguing course of treatment for SLE and
LN is blocking the CD40-CD40L pathway. Early-
stage clinical trials and preclinical research show
tremendous therapeutic promise for lowering renal
inflammation, autoantibody levels, and proteinuria—
all hallmarks of these diseases. By addressing safety
concerns related to thromboembolic events observed
in previous therapies, second-generation anti-CD40
and anti-CD40L antibodies such as BI 655064,
Iscalimab, and Dapirolizumab pegol offer hope for
safer and more effective treatments. More recently
developed drugs also target more precisely and lower
unintentional immune activation. The outcomes of
continuing Phase II studies will mostly define the
safety and efficacy of these treatments in patients
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with SLE and LN. By focusing on reducing kidney
damage, managing the disease better, and improving
overall patient health, these drugs could significantly
enhance the treatment of SLE and LN. Should
these treatments be successful, they could be rather
important for lupus management since they give
patients more alternatives for treatment and reduce
the long-term consequences of these autoimmune
diseases. Blocking the CD40-CD40L pathway is one
intriguing course of treatment for SLE and LN. In
reducing renal inflammation, autoantibody levels, and
proteinuria—all features of these diseases—early-
stage clinical studies and preclinical research have
shown tremendous therapeutic promise. Second-
generation anti-CD40 and anti-CD40L antibodies,
including BI 655064, Iscalimab, and Dapirolizumab
pegol, give hope for safer and more effective
treatments by addressing safety issues related to
thromboembolic events seen in past therapies. More
modern drugs also help reduce inadvertent immune
activation and target it more precisely. The results
of continuing Phase II studies will essentially define
the safety and effectiveness of these treatments in
patients with SLE and LN. If these treatments work
well, they could be very important for managing
lupus because they would provide patients with more
treatment options and lessen the long-term effects of
these autoimmune diseases. Should these treatments
be successful, they could be rather important for lupus
management since they give patients more choices
for treatment and reduce the long-term consequences
of these autoimmune diseases.
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