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Abstract

Multiple sclerosis (MS) remains a leading cause of neurological disability, primarily due to the
limited efficacy of current disease-modifying therapies in arresting progressive neurodegeneration.
While peripheral lymphocyte depletion effectively manages relapsing activity, it fails to address the
compartmentalized, smoldering inflammation driven by interactions between adaptive and innate
immune systems within the central nervous system (CNS). The CD40-CD40L costimulatory pathway
has emerged as a central regulator of these immune interactions, positioning it as a unique
therapeutic target capable of addressing the full spectrum of MS pathology. This review examines
the multimodal effects of CD40L blockade across peripheral and CNS-resident cell populations.
Preclinical and genetic models demonstrate that inhibiting this axis suppresses pathogenic T-cell and
B-cell responses while modulating innate immune activation, including macrophages, microglia, and
astrocytes, and disrupting pro-inflammatory glial crosstalk. Early clinical data from second-
generation, non-thromboembolic CD40L inhibitors, such as frexalimab, demonstrate reductions in
markers of neuroaxonal injury and inflammatory disease activity. By simultaneously modulating
systemic lymphocyte responses and CNS-resident innate immune processes, CD40L blockade
represents a promising strategy to address both relapsing disease activity and progressive disability
accumulation, thereby overcoming key therapeutic barriers in multiple sclerosis.
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1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory and neurodegenerative disorder of the central
nervous system (CNS) that affects more than one million individuals in the United States and remains
a leading cause of neurological disability in young adults. Current disease-modifying therapies
(DMTs) have substantially improved the management of relapsing disease by targeting peripheral
lymphocytes and suppressing acute inflammatory activity [1,2]. However, these therapies have had
limited success in preventing the gradual accumulation of disability that characterizes progressive
forms of MS [3,4]. Progressive disease is thought to be driven by persistent, compartmentalized
inflammation within the CNS and by neurodegenerative processes that begin early in the disease
course [5]. Increasing evidence suggests that interactions between adaptive immune responses and
CNS-resident innate immune cells contribute to this smoldering pathology [6]. Consequently,
identifying therapeutic strategies capable of modulating both adaptive and innate immune pathways
represents a critical unmet need in MS, particularly approaches that can simultaneously regulate
peripheral immune activation and CNS-compartmentalized inflammation to address both relapsing
disease activity and progressive disability accumulation.
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The CD40-CD40L costimulatory signaling pathway has emerged as a central regulator of
immune activation across multiple immune cell populations, and accumulating evidence linking this
pathway to the development of autoimmune diseases has established it as an attractive therapeutic
target [7]. By coordinating critical interactions between T cells, antigen-presenting cells, and innate
immune populations, CD40-CD40L signaling sits at the interface of adaptive and innate immunity.
Targeting this pathway offers a promising strategy to modulate both peripheral immune responses
and CNS-resident inflammatory mechanisms that contribute to disease progression, potentially
addressing key limitations of current therapies. In this review, we examine the effects of CD40L
blockade across the major immune and CNS cell populations implicated in MS pathogenesis.

2. The CD40-CD40L Costimulatory Pathway as a Therapeutic Target

CD40L (also known as gp39 or CD154) is a type II transmembrane cytokine within the tumor
necrosis factor (TNF) ligand family that is transiently expressed on activated CD4* T cells following
T-cell receptor engagement. Its receptor, CD40, is a 44-50 kDa type I transmembrane glycoprotein
belonging to the tumor necrosis factor receptor (TNFR) superfamily. CD40 is predominantly
expressed on antigen-presenting cells (APCs), including B cells, dendritic cells (DCs), macrophages,
and monocytes, but is also present on several non-immune cell types such as endothelial, epithelial,
and mesenchymal cells.

The CD40-CD40L costimulatory pathway regulates immune activation and has been implicated
in both adaptive and innate immune responses [5,8]. Clinical and pathological evidence support
involvement of this pathway in MS and its association with disease progression [9-11]. Patients with
MS demonstrate elevated levels of soluble CD40L (sCD40L) that correlate with disability as measured
by the Expanded Disability Status Scale (EDSS) [10,11]. In patients with MS, CD40L expression is
detected on CD4+ T cells [12], and CD40-expressing cells are found in close proximity to CD40L+ cells
within the CNS [13]. Notably, CD40L has not been detected in the CNS of healthy individuals or
patients with other neurodegenerative disorders [13], suggesting disease-specific relevance of this
pathway within MS lesions.

Substantial preclinical evidence supports a pathogenic role for CD40-CD40L signaling in CNS
inflammation. In EAE, genetic deletion of CD40L confers protection from disease [14]. Treatment
with antagonistic anti-CD40L antibodies during disease induction prevents disease development,
while administration after induction significantly reduces disease severity [13]. Blockade during
acute disease and remission decreases CNS inflammatory infiltrates and reduces relapse frequency
and severity [15,16]. Anti-CD40L therapy is also effective in adoptive transfer models, indicating that
blockade of CD40 activation within the CNS contributes to therapeutic benefit during ongoing
disease [17]. Encouraged by these findings, early clinical studies evaluated anti-CD40L monoclonal
antibodies in MS. Phase I safety and pharmacodynamic profiling confirmed the drug’s
immunomodulatory effects [18]; however, the clinical development program was historically halted
due to thromboembolic complications attributed to Fc-mediated platelet activation by CD40L-
containing immune complexes [18,19]. This safety signal prompted the development of second-
generation anti-CD40L therapies engineered to eliminate Fc receptor-mediated platelet binding and
reduce thrombotic risk [20]. Frexalimab, a second-generation anti-CD40L monoclonal antibody, is
currently in phase III clinical trials for both relapsing-remitting and non-relapsing secondary
progressive MS (ntSPMS), reflecting renewed therapeutic interest in this pathway [21]. Importantly,
anti-CD40L antibodies have been shown to penetrate the blood-brain barrier (BBB), supporting their
potential to modulate inflammatory processes within the CNS [13,17]. Therapeutic antibodies have
preferentially targeted CD40L rather than CD40 due to its restricted expression on CD4+ T cells in
MS [21].
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Figure 1. Mechanistic overview of CD40-CD40L signaling and the effects of CD40L blockade in multiple
sclerosis. T-cell activation by antigen-presenting cells (APCs), including B cells and dendritic cells, requires both
T-cell receptor (TCR) engagement and costimulatory signaling. Recognition of peptide-MHC class II complexes
by the TCR induces upregulation of CD40L (CD154) on activated CD4* T cells, which subsequently engages
constitutively expressed CD40 on APCs. This interaction amplifies immune activation by promoting APC
maturation, cytokine production, and bidirectional signaling that reinforces T-cell differentiation and effector
function. Blockade of CD40L with monoclonal antibodies interrupts this costimulatory axis, thereby limiting
downstream signaling required for full T- and B-cell activation and potentially promoting antigen-specific
immune tolerance. In the periphery, CD40L inhibition modulates multiple immune compartments by reducing
T-cell activation and differentiation, suppressing T-cell-dependent B-cell responses, and altering the function of
innate immune cells, including macrophages and dendritic cells. This results in diminished generation of
pathogenic effector T cells and reduced propagation of inflammatory immune responses.In the context of CNS
autoimmunity, CD40L blockade restricts the accumulation and pathogenic function of CD40L* T cells within the
central nervous system. By disrupting CD40-dependent crosstalk between infiltrating T cells and CNS-resident
myeloid cells, including macrophages and microglia, anti-CD40L therapy attenuates the amplification of local
inflammatory responses that drive tissue injury. Collectively, these effects position CD40L blockade as a strategy
capable of targeting both peripheral immune activation and CNS-compartmentalized inflammation in multiple

sclerosis.

3. Cell-Specific Effects of CD40L Blockade in Preclinical Models.

3.1. T Cells

In neuroinflammatory settings, anti-CD40L blockade functions as a potent immunomodulatory
intervention that disrupts the acquisition of pathogenic T-cell effector programs without inducing
generalized lymphocyte depletion. In relapsing EAE (R-EAE), treatment with anti-CD154 antibodies
inhibits the differentiation and effector function of myelin-specific Th1 cells while leaving overall T-
cell expansion and production of IL-2, IL-4, IL-5, and IL-10 largely intact [17]. Instead, CD40L
blockade selectively suppresses interferon-y (IFN-y) production, myelin peptide-specific delayed-
type hypersensitivity responses, and the generation of encephalitogenic effector T cells, thereby
uncoupling T-cell proliferation from pathogenicity [17]. Administration of antagonistic anti-CD154
monoclonal antibodies at the time of EAE induction also prevents clinical disease, likely by limiting
the retention or expansion of Th1 cells within the CNS and possibly by shifting immune responses
toward less pathogenic Th2 phenotypes [17]. Consistent with this mechanism, anti-CD154 treatment
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impaired the ability of encephalitogenic T cells to transfer disease to adoptive recipients, indicating
that CD40-CD40L signaling provides a critical licensing signal required for full effector function,
including the capacity of pathogenic T cells to activate resident CNS macrophages and microglia [17].
In MS, activated CD4* T cells express elevated levels of CD40L and stimulate IL-12 production from
antigen-presenting cells, reinforcing IFN-y-driven Thl responses; importantly, blockade of CD40L
completely inhibited T-cell-induced IL-12 production, thereby interrupting this amplification loop
[22]. Beyond monoclonal antibody approaches, the CD40L-sequence-based peptide KGYY6 similarly
modulated the CD4* T-cell compartment by altering CD69 expression and enhancing IL-10
production in Th40 and memory T cells, ultimately attenuating disease development in EAE models
[23].

3.2. B Cells

The CD40-CD40L interaction is essential for T-cell-dependent B-cell activation. Engagement of
CD40 on B cells by CD40L expressed on T follicular helper (Tfh) cells provides a critical costimulatory
signal that, together with antigen recognition through the B-cell receptor, drives B-cell proliferation,
differentiation, and germinal center formation. Within germinal centers, CD40 signaling supports the
survival of antigen-stimulated B cells and promotes their differentiation into antibody-secreting
plasma cells or long-lived memory B cells, while also facilitating immunoglobulin class-switch
recombination [24]. Memory B cells isolated from treatment-naive patients with RRMS exhibited
increased proliferative responses following stimulation with low-dose CD40L compared with
memory B cells from healthy donor controls [25]. By contrast, direct evaluation of anti-CD40L
blockade on B cells specifically in MS or EAE has not been clearly dissected, despite the established
importance of B cells in MS pathology. Evidence from other autoimmune models nevertheless shows
that CD40L blockade strongly restrains B cell responses. In collagen-induced arthritis, anti-Gp39
reduced anti-collagen antibody titers and suppressed joint inflammation [26]. In human lupus
nephritis, anti-CD154-depleted activated peripheral CD19+ B cell subsets, including CD38+, CD5+,
and CD27+ cells, eliminated CD38 bright Ig secreting cells, and inhibited spontaneous B cell
proliferation and immunoglobulin secretion [27]. Similarly, in murine systemic lupus erythematosus,
anti-CD154 reduced multiple B cell subsets and prevented ongoing B cell activation during treatment
[28].

1.1. Monocytes/Macrophages

Macrophages are major contributors to CNS inflammation and tissue injury in MS and its animal
model, EAE. Neuropathological analyses demonstrate that macrophages represent the predominant
CD40-expressing population within MS lesions [13,29], and in EAE, a large proportion of infiltrating
peripheral macrophages express CD40 [30]. Macrophage accumulation correlates with disease
severity [31,32], and these cells dominate inflammatory infiltrates within active demyelinating lesions
[31,33], whereas lymphocytes are relatively sparse at sites of active myelin destruction [34]. This
cellular distribution implicates resident and recruited myeloid cells as a part of the key mediators of
CNS tissue injury [31]. Inhibition of the CD40 signaling pathway using tyrphostin Al, a protein
tyrosine kinase inhibitor that disrupts CD40-mediated intracellular signaling, significantly reduced
CD40L-stimulated IL-12 production in macrophages. This reduction in macrophage-derived IL-12
was associated with decreased antigen-induced Thl cell generation and attenuation of EAE in SJL/J
mice [35]. Selective inhibition of the CD40-TRAF6 signaling pathway using small-molecule inhibitors
similarly altered monocyte function by promoting an anti-inflammatory phenotype and reducing
their trans-endothelial migration capacity. In vivo, this intervention decreased the accumulation of
monocyte-derived macrophages within the CNS during neuroinflammation, although it produced
only minimal improvement in overall EAE disease severity [36]. These findings were further
validated in another study using a myeloid-targeted genetic deletion model (CD40"{l/fl LysM"cre).
This study confirmed that macrophage-intrinsic CD40 signaling is essential for disease progression;
mice lacking myeloid CD40 exhibited a marked reduction in costimulatory molecule expression and
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impaired myelin phagocytosis. Furthermore, by utilizing chimeric mice that express CD40
specifically on MHCII+ cells but lack the TRAF6 binding site, the authors demonstrated that the
CD40-TRAF6 axis is the indispensable driver of macrophage-mediated neuroinflammation [14].
Together, these studies support a role for CD40-CD40L signaling in macrophage-driven
inflammatory responses, although direct analysis of macrophages following CD40L blockade in EAE
or MS remains limited.

3.3. Microglia

Microglial activation during EAE occurs in two stages, with an initial CD40-independent
activation followed by a CD40-dependent phase required for full microglial activation, pathogenic T-
cell expansion, and leukocyte infiltration into the CNS [30]. Engagement of microglial CD40 by
CD40L induces robust production of proinflammatory cytokines, including TNF-a and IL-12 [37,38].
In models of HIV encephalitis, CD40L, in combination with IFNy, induced the expression of
chemokines, including MCP-1, IP-10, MIP-1a, MIP-1$3, and RANTES, in cultured microglia [39].
CD40 ligation has also been shown to induce IL-12 production in primary human microglial cells
[40]. Consistent with these findings, an in vitro study using primary adult human microglia isolated
from non-MS neurosurgical brain tissue demonstrated that T-cell-induced microglial IL-12
production was dependent on CD40-CD40L signaling and could be inhibited by anti-CD154
monoclonal antibodies [38]. Further studies will be required to determine how CD40L blockade
directly influences microglial function in MS.

3.4. Endothelial Cells

Brain endothelial cells constitutively express CD40, and inflammatory stimuli further increase
its expression. Engagement of endothelial CD40 by CD40L upregulates adhesion molecules such as
E-selectin, VCAM-1, and ICAM-1, thereby enhancing adhesion of both resting and activated CD4* T
cells to the endothelium and facilitating leukocyte recruitment across the blood-brain barrier.
Blocking CD40-CD40L interactions reduces T-cell adhesion to endothelial cells [41]. To date, no
studies have directly examined the effects of CD40L stimulation or blockade on endothelial cells in
the context of EAE or MS.

3.5. Dendritic Cells

CD40-CD40L signaling plays a critical role in dendritic cell (DC)-mediated priming of
pathogenic T-cell responses. In EAE models, CD40 expression on DCs is required for the expansion
and differentiation of encephalitogenic CD4* T helper cells within peripheral draining lymph nodes.
Genetic deletion of CD40 in DCs markedly reduces the frequency of Th1 (IFN-y*), Th17 (IL-17*), and
GM-CSE-producing T cells and limits their subsequent accumulation within the CNS, demonstrating
that CD40-dependent DC activation is essential for the generation of pathogenic T-cell responses that
drive neuroinflammation [42]. Consistent with these findings, circulating myeloid dendritic cells
from patients with MS exhibit a proinflammatory phenotype characterized by increased expression
of CD80 and CD40, reduced PD-L1, and enhanced production of IL-12 and TNF-a. Functionally, these
DCs promote pathogenic T-cell responses, with DCs from relapsing-remitting MS inducing mixed
Th1/Th2 responses, whereas DCs from secondary progressive MS preferentially drive Thl
polarization [43]. Evidence from other autoimmune models further supports the importance of this
pathway in regulating DC biology. In a murine model of systemic lupus erythematosus, blockade of
CD40L with anti-CD154 monoclonal antibodies altered dendritic cell homeostasis by preventing
dendritic cell apoptosis and correcting the abnormal accumulation and activation of dendritic cells
observed during lupus nephritis [44].
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3.6. CNS Resident Cells

Studies of the effects of CD40L inhibition in CNS resident cells remain limited compared with
peripheral immune populations. Astrocytes express CD40 and respond to CD40-mediated signaling,
astrocytes activated by the CD40-CD40L interaction in co-culture induce inflammatory cytokine
production via small GTPases, and the secreted cytokines re-activate astrocytes via Jak/STAT1701
pathways, and then release more cytokines that contribute to exacerbating the development of EAE
[45]. Inhibition of CD40 signaling in astrocytes by anti-CD40 antibody or CD40 siRNA suppresses
activation of Rho-family GTPases, NF-xB, and STATI1, leading to reduced production of pro-
inflammatory cytokines such as IL-6 and TNF-a [45]. In another study, targeted deletion of CD40
diminished the number of CD40L-positive astrocytes [46]. For neurons, no studies have directly
evaluated anti-CD40L antibody blockade; however, genetic deletion of CD40L reduced neuronal
death by approximately 64% in a neurodegeneration model [46]. No oligodendrocyte-specific studies
examining the effects of CD40L blockade or inhibition have been identified.

B- cell depleting therapy | T and B cell Sequestration | | Adhesion molecule inhibition Inhibit DNA synthesis
Anti-CD20 S1P modulators Anti-Trafficking Agents Proliferation Inhibitors
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Figure 2. Comparison of CD40L blockade with current disease-modifying therapies (DMTs) in multiple
sclerosis.Current DMTs primarily target peripheral adaptive immune mechanisms to reduce relapse-associated
inflammation. Agents such as anti-CD20 monoclonal antibodies deplete circulating B cells, SIP receptor
modulators restrict lymphocyte egress from lymphoid tissues, and anti-trafficking agents block leukocyte
trafficking into the CNS. While effective in reducing relapse rates and new lesion formation, these approaches
have limited impact on compartmentalized CNS inflammation and progressive disability accumulation.In
contrast, CD40L blockade targets a central costimulatory pathway that regulates both adaptive and innate
immune responses. By disrupting CD40-CD40L interactions, anti-CD40L therapies modulate T-cell activation
and differentiation, suppress T-cell-dependent B-cell responses, and alter antigen-presenting cell function
without inducing broad lymphocyte depletion. Importantly, this approach also impacts CNS-resident and
infiltrating myeloid cells by limiting CD40-mediated inflammatory signaling and reducing the ability of
pathogenic T cells to activate macrophages and microglia.Through its dual effects on peripheral immune

activation and CNS-compartmentalized inflammation, CD40L blockade represents a mechanistically distinct
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strategy with the potential to address both relapsing disease activity and the progressive neuroinflammatory
processes that are inadequately controlled by current therapies.

4. Cell-Specific Effects of CD40L Blockade in Clinical Mechanistic Studies

Clinical investigations of CD40L inhibition have demonstrated immunomodulatory effects
across several immune cell populations without causing broad leukocyte depletion. In a phase I open-
label dose-escalation study of toralizumab, a humanized anti-CD40L monoclonal antibody
administered to patients with RRMS, peripheral immune profiling revealed no reductions in total
leukocytes, lymphocytes, or major T-cell subsets, including CD3*, CD4*, and CD8* cells. Instead,
treatment was associated with regulatory changes within the T-cell compartment, including
increased expression of CD25 on CD3* and CD4* T cells and cytokine shifts toward an anti-
inflammatory profile, reflected by increased IL-10:IL-17 and IL-10:MCP-1 ratios, suggesting induction
of immune regulatory responses rather than lymphocyte depletion [18]. Comparable findings have
been reported in clinical studies of CD40L blockade in other autoimmune diseases. In a phase I dose-
escalation study evaluating the anti-CD40L monoclonal antibody IDEC-131 in patients with systemic
lupus erythematosus, treatment did not produce depletion of circulating lymphocyte subsets [47].
Consistent with these observations, in an open-label study of the anti-CD40L antibody BG9588 in
patients with proliferative lupus nephritis, treatment resulted in reductions in anti-double-stranded
DNA antibody titers and increased serum complement C3 levels, reflecting suppression of
pathogenic humoral immune responses. Importantly, therapy did not significantly alter circulating
lymphocyte counts or total serum immunoglobulin concentrations [48]. Together, these clinical
observations indicate that CD40L blockade modulates both T-cell and B-cell-mediated immune
responses while preserving overall immune cell numbers, consistent with a mechanism of immune
regulation rather than immune cell depletion.

5. Current Biomarkers

Biomarker discovery has become an important focus in MS research to improve early diagnosis,
disease stratification, and prediction of disease progression. Cerebrospinal fluid (CSF) IgG
oligoclonal bands (OCBs) remain the most widely used laboratory biomarker and are incorporated
into the 2017 McDonald criteria as evidence of intrathecal immunoglobulin synthesis and
dissemination in time [49,50]. CSF-IgM OCBs are associated with higher relapse rates and earlier
conversion to SPMS [51].

Additional CSF biomarkers validated in independent cohorts for identifying patients at risk of
converting from clinically isolated syndrome (CIS) to clinically definite MS include IgM OCBs,
CXCL13, chitinase-3-like protein 1 (CHI3L1), and neurofilament light chain (NfL) [52]. Elevated CSF
CHIBL1 levels correlate with faster disability progression and could help to distinguish PPMS from
RRMS [53,54]. B cell related markers, such as « free light chains (xFLC), have also demonstrated
strong diagnostic performance and may help predict CIS conversion to MS [55].

Biomarkers reflecting neuroaxonal injury, particularly NfL, correlate with disease activity and
treatment response [56], whereas markers of glial activation and inflammation, including GFAP,
CXCL13, osteopontin, and soluble CD163, have been associated with disease progression and CNS
immune activation [49,57]. Circulating biomarkers may further aid disease classification. For
example, microRNAs such as miR-223 and miR-15 b have been linked to differences between
progressive and relapsing MS phenotypes [58,59], while reduced CSF N acetylaspartate (NAA) levels
have been reported to be lower in SPMS than in CIS or RRMS [60].

Inflammatory mediators also provide insight into disease severity. sCD40L and IL 31 correlate
with MS severity and are lower in treated compared with untreated patients [61,62]. Consistent with
these observations, our group identified sCD40L and MCP 1 CCL2 as progression-associated
biomarkers elevated in progressive MS and correlated with disability accumulation [11]. Integrative
bioinformatic approaches incorporating miRNAs, extracellular vesicles, metabolomics, and
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microbiome signatures may enable the development of multi-biomarker panels that overcome the
limitations of single biomarkers [54].

6. Conclusions

Accumulating evidence from both preclinical and clinical studies supports a central role for
CD40-CD40L signaling in the immunopathology of MS. Blockade of this pathway exerts
immunomodulatory effects across multiple cell populations that contribute to MS pathology. In
experimental models, anti-CD40L therapy disrupts the differentiation and effector function of
pathogenic T cells, limits dendritic cell-mediated priming of inflammatory T-cell responses, and
alters monocyte and macrophage activation within demyelinating lesions. CD40-CD40L signaling
also regulates microglial inflammatory activity and endothelial adhesion molecule expression,
highlighting its influence on both CNS-resident and infiltrating immune populations. Evidence from
other autoimmune diseases further demonstrates that CD40L blockade can restrain B-cell activation
and antibody production, suggesting additional therapeutic benefits in MS. Early clinical studies
indicate that CD40L blockade does not cause lymphocyte depletion but instead promotes an
immunoregulatory shift in immune responses. Together, these findings suggest that CD40L blockade
may simultaneously modulate peripheral immune activation and CNS-compartmentalized
inflammation. As second-generation CD40L-targeting therapies with improved safety profiles
advance in clinical development, this strategy holds promise for addressing both relapsing disease
activity and the progressive disability accumulation that remains a major unmet need in multiple

sclerosis.
Table 1A. Preclinical studies of CD40L blockade (in vivo and in vitro models).
Study Method/Antibody
Disease Context Key Effects on Cell Types
Reference Used

T cells: Abrogated Th1 differentiation
Howard et al.

(1999)

MR1 (Hamster anti-

Multiple Sclerosis (R-EAE)
mouse CD154 mAb)

and IFN-vy. Inhibited the effector function

of differentiated encephalitogenic T cells.

Balashov et al. Anti-CD40L T cells: Completely blocked T cell-

Multiple Sclerosis (in vitro)

(1997)

Vaitaitis et al.

(2019)

Becher et al.

(2000)

Kalled et al.
(2001)

Durie et al.

(1993)

Karnell et al.

(2019)

Blazar et al.

(1998)

antibody (in vitro)

CD40L peptide
Multiple Sclerosis (EAE)
(KGYY6)
Non-tumor-related
Anti-CD154

intractable epilepsy (in
pilepsy ( antibody (in vitro)

vitro)
Anti-CD154
Lupus (SLE)
monoclonal
(Murine lupus)
antibody

Collagen-induced arthritis anti-gp39 (anti-

(Murine arthritis) CD40L)

anti-CD40L Tn3
protein, VIB4920

Rheumatoid arthritis (in

vitro)

graft-versus-host disease = anti-CD40L mAb-

(GVHD) (Murine GVHD) treated

induced IL-12 production from APCs.

T cells: Increased expression of CD69 and

intracellular IL-10

Microglia: Blocked activation and
CD40L-dependent IL-12 production
induced by T cells

Dendritic cells: Normalized DC

accumulation and activation.

B cells: Reduced anti-collagen antibody
production; suppressed humoral

response

B cells: Inhibition of human B cell

activation and plasma cell differentiation.

T cells: Blocked initial donor T-cell

priming
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Theiler's murine

Transient CD154
Howard etal. = encephalomyelitis virus-
blockade with anti-
(2003) induced demyelinating
CD154
disease
Samoilova et
Multiple Sclerosis (EAE) Anti-CD40L
al. (1997)
human Goodpasture’s
Reynolds et al. disease (Experimental antibody to CD154
(2004) autoimmune (AH.F5)
glomerulonephritis (EAG))
human inflammatory bowel
anti-CD40L

Liu et al. (2000) disease (IBD) (experimental
neutralizing mAb

colitis in SCID mice)

Thyroiditis (experimental
Carayanniotis

et al. (1997)

autoimmune thyroiditis Anti-gp39 mAb

(EAT)

Thyroiditis (granulomatous
Peterson et al.

(1999)

experimental autoimmune Anti-CD40L

thyroiditis (G-EAT)

Graves' disease (Graves'

Resetkova et al.

thyroid tissues xenografted anti-gp39 mADb

(1996)
into SCID mice)
Wu et al. Renal transplantation
anti-CD154 mAb
(2017) (Murine)

anti-CD154 mAb
(5C8)

Anwar et al. Renal transplantation

(2025) (nonhuman primate)

9 of 13

T cells: Peripheral antiviral and
autoimmune T-cell responses remained

largely intact.

T cells: Prevented Th1 differentiation and

induced selective activation of Th2 cells

B cells: Reduction in circulating anti-
alpha3(IV)NC1 antibodies and deposits
of IgG on the GBM
T cells: Reduced numbers of glomerular
T cells
Macrophages: Reduced numbers of

glomerular macrophages.

Colonic tissue: Marked reduction in IFN-
v, TNF, and IL-12

T cells: Suppression of antigen specific
Th1-cell activation
Lymph node cells: Secreted significantly
less amounts of IL-2 and IFN-y

T cells: Increased IL-4 mRNA expression

by CD4(+) T cells.

B cells: Anti-gp39 mAb completely
blocked or significantly decreased the

humoral response.

T cells: CD154 blockade-induced
tolerance associated with Foxp3Treg
cells. Foxp3Treg cells were activated and
had more potent regulatory function in
vivo than naive Treg cells.

B cells: Decreased donor-specific
antibodies (DSAs).

T cells: Improved induction of T

regulatory cells

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1839.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 March 2026 d0i:10.20944/preprints202603.1839.v1

10 of 13
Table 1B. Clinical mechanistic studies of CD40L blockade (human studies).
Study
Disease Context Method/Antibody Used Key Effects on Cell Types
Reference
Fudal, Mao- T cells: Increased CD25+ expression;
Toralizumab (IDEC-131;
Draayer et al. Relapsing-Remitting MS shifted cytokine profile toward IL-10.
Humanized mAb)
(2021) General: No lymphocyte depletion.
B cells: Reduction of anti-citrullinated
Dazodalibep (DAZ), a
Kivitz et al. protein antibody (ACPA) titers,
Rheumatoid arthritis non-antibody biological
(2023) reflecting a potent suppression of the B-
antagonist of CD40L
cell effector compartment.
B cells: Reduced anti-dsDNA
Boumpas et BG9588 (Humanized anti-
Lupus nephritis antibodies. Platelets: First report of Fc-
al. (2003) CD154 mAb)
mediated thromboembolic risks.
Immune B cells: Suppressed B cells producing
Kuwana et thrombocytopenic anti-GPIIb/Illa antibodies
anti-CD154
al. (2004) purpura (ITP), human T cells: Suppressed GPIIb/IIla-induced
phase I trial T-cell proliferation

Table 1. Cell-specific effects of CD40L blockade across preclinical and human studies. This
table summarizes studies that directly evaluated cell-specific immune effects of CD40L blockade
across experimental and clinical settings. Table 1A includes preclinical studies (in vivo and in vitro)
that provide mechanistic insight into the effects of CD40L inhibition on defined immune cell
populations. Table 1B includes human in vivo studies, including clinical trials and patient-based
investigations, that assess immune modulation following CD40L-targeting therapies. Only studies
reporting cell-specific outcomes were included.
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