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This article introduces a series of publications examining the pivotal challenge of inducing remission in autoimmune diseases through tar-
geted depletion of autoreactive cells. The forthcoming publications will explore fundamental concepts in autoimmunity while identifying key
therapeutic targets, alongside analyzing the most effective contemporary strategies for eliminating pathogenic cell populations.
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The key element in the pathogenesis of systemic autoimmune rheumatic diseases is the breakdown of immunological tolerance and the formation
of a pool of autoreactive cells. This leads to uncontrolled activation of the effector arm of cellular (T-lymphocytes) and humoral ( B-lymphocytes
and plasma cells) immunity, proliferation of autoreactive clones, and the formation and persistence of immunological memory cells. In this
process, T-cells, B-cells, and plasma cells of immunological memory, in interaction with a complex of pathogenic signals from the microenviron-
ment, ensure the stability and adaptability of the developing inflammatory process.

In modern clinical practice, the prevailing approach to prescribing medications is the "therapeutic pyramid" strategy, which involves gradual es-
calation of treatment until remission is achieved. This approach does not address the mechanisms of immunological tolerance and, as a result,
requires lifelong therapy and is associated with numerous adverse effects.

The term “depletion-restitution therapy” is proposed (from English “depletion” — exhaustion; and Latin “restitutio ad integrum” — restoration
to the original state, complete recovery) to describe an alternative approach. This approach is characterized by methods based on massive, short-
term cytotoxic impact, leading to profound reduction of pathogenic autoreactive cellular clones, followed by repopulation with "naive" cellular
elements. Consequently, this restores tolerance mechanisms and enables the formation of ultra-long, drug-free remissions.

Currently, the principles of depletion-restitution therapy have already been integrated into oncology, hematology, and neurology. Among the most
promising potential targets for such therapy in rheumatology are the effectors of the humoral immune system: B-cells, plasmablasts, and plasma
cells. At the present stage, the most promising methods for implementing this approach are CAR-T cells and therapeutic bispecific monoclonal
antibodies.

Key words: depletion therapy; depletion-restitution therapy; B-cells; plasma cells; bispecific antibodies; monoclonal antibodies.

Contact: Danil Alekseevich Dibrov; dibrovd995@gmail.com

For reference: Lila AM, Maslyanskiy AL, Dibrov DA, Torgashina AV, Zotkin EG, Samsonov M Yu. Depletion-restitution therapy for autoimmune
rheumatic diseases. Part 1. Fundamental prerequisites and efficacy of modern treatment technologies: anti- B-cell drugs and CAR-T therapy.
Sovremennaya Revmatologiya=Modern Rheumatology Journal 2025;19(2):7—17. DOI: 10.14412/1996-7012-2025-2-7-17

Systemic autoimmune rheumatic diseases, the breakdown
of immunological tolerance, and key effector cells

Systemic autoimmune rheumatic diseases (SARDs) constitute
a complex interdisciplinary challenge in modern medicine due to
their high prevalence, clinical and immunological heterogeneity,
chronic disabling course, and limited treatment efficacy. The fun-
damental pathogenetic mechanism of these conditions involves
immune system dysregulation leading to impaired central and pe-

ripheral immunological tolerance |1, 2]. This results in uncontrolled
activation of cellular (T lymphocytes) and humoral (B lymphocytes
and plasma cells) immune effector mechanisms, proliferation of
autoreactive clones, and formation of persistent immunological
memory cells. Importantly, memory T cells, B cells and plasma
cells interacting with pathogenic microenvironmental signals
maintain the stability and adaptability of ongoing inflammatory
processes [3]. These alterations largely determine both the chronic
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progressive nature of SARDs and the significant difficulties in
achieving sustained remission in these diseases.

Current conventional disease-modifying therapies for SARDs,
despite certain successes, generally demonstrate limited efficacy
[4, 5]. They largely follow the "therapeutic pyramid" principle
first proposed for rheumatoid arthritis (RA) treatment [6, 7].
Dose titration of conventional disease-modifying antirheumatic
drugs (DMARDs), switching to alternative-mechanism agents
when ineffective, and using various biologic DMARDs or drug
combinations for refractory cases — all while monitoring disease
activity and treatment tolerability (Treat-to-Target strategy) — in
most cases provide control of immune-inflammatory activity.
However, this approach fundamentally fails to restore immunological
tolerance, necessitating indefinite (often lifelong) treatment. Cer-
tainly, such prolonged use of DMARDs, especially glucocorticoids,
carries risks of chronic immunosuppression and metabolic disorders
that depend not only on individual doses but also on cumulative
drug exposure and treatment duration [8, 9].

A promising yet understudied therapeutic option for SARDs
involves methods based on intensive short-term cytotoxic inter-
vention leading to profound reduction of pathogenic autoreactive
cell clones with subsequent repopulation from nanve cell popu-
lations and consequent restoration of tolerance mechanisms
and induction of drug-free remission [10]. No established ter-
minology currently exists for this approach in domestic or
foreign literature, with various terms used: "depletion therapy”,
"pulsed immune reconstitution therapy”, "immune reset" etc.
We propose the term "depletion-restitution therapy" (DRT)
[from depletion (English) - depletion, exhaustion; restitutio ad
integrum (Latin) - complete restoration]. Various approaches
have been developed to achieve this effect, including cyclic
high-dose chemotherapy regimens, biologic DMARD therapies,
modifications of autologous hematopoietic stem cell transplan-
tation, and more recently — therapy with autologous modified
T cells expressing chimeric antigen receptors (CAR) of varying
specificity [11, 12].

Substantial experience with DRT has been accumulated in
the treatment of autoimmune demyelinating diseases of the central
nervous system, particularly multiple sclerosis. Numerous ran-
domized placebo-controlled trials have demonstrated that short-
term cyclic administration of cladribine—a highly potent cytostatic
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agent causing sustained and profound B-lymphocyte depletion—
or alemtuzumab—humanized monoclonal antibodies targeting
CD52, a marker expressed by a broad range of immune cells (pri-
marily mature T and B lymphocytes)—exerts a significant dis-
ease-modifying effect [13]. Although brief courses of these therapies
carry risks of adverse events (AEs), particularly infections, they
often enable prolonged drug-free remission lasting several years.
Notably, M. Hecker et al. [14] conducted transcriptome analysis
revealing substantial functional differences between circulating B
cells before depletion therapy and after repopulation, supporting
the concept of immune system "resetting."

Autologous hematopoietic stem cell transplantation (HSCT)
in refractory SARDs — primarily multiple sclerosis and systemic
sclerosis (SSc) — has also shown promising long-term outcomes,
including sustained drug-free remission and stabilization or
regression of target organ damage. However, the high cost, technical
complexity, and significant risks (infections, secondary malignancies,
and organ toxicity, largely due to high-dose conditioning chemother-
apy) remain major barriers to widespread adoption [15, 16].

Effector Cells of the Humoral Immune System
(B Cells, Plasma Cells) as Promising Targets for DRT in SARDs

B cells play a central role in the immunopathogenesis of
SARD:s. The survival, proliferation and expansion of autoreactive
B-cell clones are associated with disturbances in central and pe-
ripheral tolerance mechanisms and underlie the initiation, chronicity
and progression of self-sustaining inflammatory processes [1, 2,
17]. The pathogenic role of B cells is multifaceted and includes
functions both dependent on and independent of autoantibody
(autoAb) production.

The main autoantibody-dependent mechanisms in SARDs
include: the production of pathogenic autoAbs (whose sources
are descendants of B cells at various stages of maturity — plasmablasts
and plasma cells, including long-lived ones), formation of immune
complexes, antibody-dependent cell-mediated cytotoxicity, Fcy
receptor (FcyR)-mediated stimulation of immune cells, and com-
plement system activation [17, 18]. Functions largely independent
of autoAbs include the antigen-presenting function of B lymphocytes,
their participation in neolymphogenesis mechanisms, synthesis
of proinflammatory cytokines, effects on regulatory T cells (Tregs),
and finally, T cell activation [18]. The wide range of biological
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effects mediated by B cells explains the influence of anti-B-cell
therapy not only on the humoral but also on the cellular arm of
immunity.

The role of B cells has been most extensively studied in the
pathogenesis of rheumatoid arthritis (RA) and systemic connective
tissue diseases. AutoAbs are detected in 70—80% of RA patients,
with the main RA-specific autoAbs being those targeting the Fc
fragment of IgG (IgM rheumatoid factor — RF) and cyclic citrul-
linated peptide (ACCP) [19, 20]. It has been shown that I[gM RF
and ACCP participate in the formation of immune complexes in
synovial tissue with subsequent macrophage stimulation and proin-
flammatory cytokine production [21]. ACCP levels correlate with
the number of cells bearing B-cell receptors specific for citrullinated
proteins [22]. The main cell subpopulations producing anti-cit-
rullinated protein autoAbs and/or expressing B-cell receptors of
corresponding specificity are post-germinal center memory B
cells, plasmablasts and plasma cells [23]. Subsequently, B cells
migrate to synovial tissue where, under the influence of the mi-
croenvironment in ectopic lymphoid structures, they undergo
stimulation and differentiation with subsequent autoAb production
[24—26]. Since patients with established RA demonstrate ACCP
not only of IgG but also of IgM class, it is likely that continuous
renewal of B cells takes place in the synovial tissue, maintaining
the pathological process [27]. The pathogenic role of ACCP in
RA is supported by experimental data indicating their contribution
to joint destruction mechanisms [28].

B lymphocytes play a decisive role in the pathogenesis of sys-
temic lupus erythematosus (SLE). This disease is associated with
production of a wide spectrum of autoAbs, mainly targeting
nuclear components (antinuclear antibodies) and phospholipids.
Pathogenic autoAb production in SLE patients is linked to patho-
logical survival, activation and proliferation of autoreactive B
cells, disturbances in B-cell receptor signaling pathways, Toll-like
receptors, PI3K/AKT, and dysregulation of BAFF, CDA40, interleukin
(IL) 21 and 1L22 [29]. Excessive autoAb secretion with subsequent
immune complex formation causes chronic tissue inflammation
leading to organ damage.

The direct pathogenic role of many SLE-associated autoAbs
has been well characterized, particularly anti-dsDNA antibodies
in lupus nephritis pathogenesis, anti-blood cell antibodies causing
cytopenias and autoimmune hemolysis, and antiphospholipid an-
tibodies as effectors of secondary antiphospholipid syndrome [30—
32]. RNA- and DNA-containing immune complexes stimulate
Toll-like receptors promoting type I interferon overproduction —
key cytokines universally involved in systemic connective tissue
disease pathogenesis, especially SLE [33].

The important role of B cells in systemic sclerosis (SSc)
pathogenesis is undisputed [34]. Increased B-cell content has
been found in skin and lung biopsies from SSc patients [35, 36].
As in RA, ectopic lymphoid follicle formation occurs in affected
organs [37]. SSc patients with progressive lung involvement show
an increased CD19+ cell count in bronchoalveolar lavage [38].
Overall, SSc patients exhibit approximately 20% higher CD19 ex-
pression compared to healthy individuals [39].

Antinuclear autoAbs are present in over 90% of SSc patients.
A wide spectrum of SSc-specific autoAbs has been characterized,
with the most important and common being those targeting topoi-
somerase | (anti-Scl70), centromere proteins (CENP A/B/C)
and RNA polymerases [ and III. The autoAb profiles correlate
with clinical SSc variants (diffuse or limited) and target organ in-
volvement, while levels of some of them (anti-Scl70) correlate
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with disease activity, though their precise clinical and pathogenic
roles remain incompletely understood [40].

Perhaps, even more significant is the ability of B cells to
regulate fibrogenesis. These cells are key producers of many proin-
flammatory and profibrotic cytokines, particularly IL-6 and trans-
forming growth factor B. B cells influence fibroblast and macrophage
polarization and activation, promoting profibrotic phenotypes
[41—43]. The contribution of B cells to pathological fibrosis and
the disease-modifying potential of anti-B-cell therapy have been
convincingly demonstrated in animal models of SSc [43].

Modern Anti-B-Cell Therapy.
Rituximab and the Reasons for Its Limited Efficacy

The central role of B cells in the immunopathogenesis of
SARDs has generated considerable interest in B-cell depletion as
a therapeutic strategy. It is reasonable to hypothesize that many
conventional drugs and treatment modalities used in rheumatology
practice may exert their therapeutic effects, at least in part, through
modulation of humoral immunity. Current clinical guidelines for
the management of systemic lupus erythematosus (SLE), systemic
sclerosis (SSc), Sjugren's syndrome (SS), and antineutrophil cy-
toplasmic antibody (ANCA)-associated vasculitides recommend
the use of protocols incorporating cyclophosphamide, mycophe-
nolate mofetil, and high-dose glucocorticoids (GCs) for patients
with severe disease activity or life-threatening organ involvement
[44]. A critical mechanism underlying the therapeutic efficacy of
these agents involves their potent suppressive effects on B-cell
subpopulations [45]. Cyclophosphamide treatment has been shown
to induce depletion of total lymphocytes, including naive, dou-
ble-negative, and unswitched memory B cells, while mycophenolate
mofetil therapy leads to reduced levels of plasmablasts and plasma
cells in peripheral blood [45]. These findings highlight the significant
impact of conventional immunosuppressive regimens on B-cell
homeostasis, suggesting that their clinical benefits may be mediated,
at least in part, through modulation of pathogenic B-cell populations.
The recognition of these mechanisms provides a rationale for the
continued use of these agents in severe autoimmune conditions
while also informing about the development of more targeted B-
cell-directed therapies. The differential effects of various im-
munosuppressants on distinct B-cell subsets may explain their
variable efficacy across different autoimmune diseases and clinical
scenarios. Further characterization of these immunological effects
could help optimize treatment strategies for patients with refractory
diseases.

A promising approach to enhance selective B-cell depletion
involves repurposing drugs from oncohematological practice,
particularly rituximab (RTX), a chimeric monoclonal antibody
targeting the CD20 receptor on B-lymphocytes that was originally
developed for B-cell lymphoma treatment. Subsequent successful
application of this drug in SARDs, especially in refractory
rheumatoid arthritis (RA), established it as a potential therapy
capable of effectively depleting autoreactive B-cell populations.
The remarkable clinical outcomes provided the rationale for
randomized controlled trials (RCTs) that led to RTX approval
for several indications, including RA, granulomatosis with
polyangiitis, and microscopic polyangiitis [46, 47]. Substantial
clinical experience has since been accumulated with RTX therapy
across various SARDs, both for approved indications and off-
label use, particularly in patients with systemic lupus erythematosus
(SLE), systemic sclerosis (SSc), Sjugren's syndrome (SS), and
other conditions [48].
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RTX therapy has proven particularly beneficial in seropositive
RA, especially in cases with extra-articular manifestations [49,
50]. Meta-analyses have demonstrated that RTX shows comparable
efficacy to other biologic disease-modifying antirheumatic drugs
(biologics), including tocilizumab and abatacept [51]. Registry
data indicate that approximately 50% of RA patients achieve low
disease activity or remission following RTX treatment [52—55].
While RTX is currently widely used off-label for SLE patients re-
fractory to standard therapy [56—59], the drug fails to produce
adequate responses in at least 30% of cases [57, 58]. Randomized
controlled trials have shown that RTX treatment for SLE patients,
both with and without lupus nephritis, did not yield the expected
therapeutic benefits [60, 61]. Small clinical studies have reported
RTX efficacy in diffuse cutaneous systemic sclerosis (SSc), par-
ticularly for skin and lung involvement [62, 63]. However, the
double-blind RECITAL trial found RTX no more effective than
cyclophosphamide for this indication [64].

Thus, the efficacy of RTX in RA and ANCA-associated vas-
culitis appears well-established, while reports of its positive effects
in other SARDs further support its use as a pathophysiologically
grounded therapy for this disease group. However, the limitations
of RTX effectiveness in treating many SARDs have become
evident. In the vast majority of patients, RTX fails to induce long-
term remission, particularly drug-free remission. Consequently,
following a period of clinical improvement, repeated cycles of
RTX are required due to disease flare. The absence of a true,
sustained "immune reset" effect is indirectly evidenced by the lack
of seroconversion. Specifically, most SARD patients maintain
pathogenic autoantibodies (ACCP, antinuclear, anticardiolipin,
etc.) following anti-B-cell therapy with RTX, indicating persistent
autoreactive cell clones and their repopulation [65—67]. Finally,
while RTX demonstrates clinical benefits in connective tissue
diseases such as SLE, SSc, idiopathic inflammatory myopathies,
and SS, its efficacy proves insufficient for antiphospholipid
syndrome. These limitations underscore the need to develop novel,
more effective treatment approaches, particularly various forms
of depletion-restitution therapy (DRT).

The failure to achieve effective immune reset with RTX
therapy likely stems from several key factors. First, dynamic vari-
ability in CD20 expression, influenced by genetic and epigenetic
factors [68], plays a significant role. Reduced CD20 expression
has been associated with poor response to CD20-targeted therapies.
This phenomenon was initially demonstrated in B-cell lymphomas,
where RTX treatment served as a negative selection factor
promoting the emergence of resistant CD20-negative B-cell sub-
populations [69]. Second, CD20-targeted agents cannot directly
affect certain pathogenic B-cell subsets and their differentiation
products that play crucial roles in SARD pathogenesis — particularly
plasmablasts, plasma cells, and some memory B-cell clones, es-
pecially tissue-resident populations. This limitation stems from
the natural absence of CD20 expression on these cell types.
Third, while RTX induces profound depletion of circulating B-
cells, it fails to completely eradicate B-cell reservoirs in bone
marrow and lymph nodes [70—72]. Furthermore, SARDs are
characterized by formation of tertiary lymphoid structures (new
lymphoid follicles in target organs) that remain relatively inaccessible
to biologic therapies, contributing to persistent inflammatory
activity [73,74]. Additionally, the limited efficacy of RTX in
systemic diseases, particularly SLE, may relate to its dependence
on complement activation and membrane attack complex formation
for B-cell depletion. This mechanism is potentially compromised
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in conditions frequently associated with hypocomplementemia
during periods of high disease activity [75,76].

Evolution of Anti-B-Cell and Anti-Plasma Cell Therapies

Novel therapeutic approaches are being actively developed to
improve the efficacy of B-cell-targeted treatments for SARDs.
The next-generation anti-CD20 monoclonal antibody, obinu-
tuzumab, has demonstrated clinical effectiveness in systemic lupus
erythematosus (SLE) in clinical trials [77]. The key advantage of
obinutuzumab over rituximab is its ability to achieve more profound
B-cell depletion through enhanced antibody-dependent cellular
cytotoxicity (ADCC) and antibody-dependent cellular phagocytosis
(ADCP) mechanisms [78]. This superior efficacy profile stems
from structural modifications of the antibody's Fc fragment, which
significantly increase its affinity for FcyRIII receptors on effector
cells [79].

Another strategy for enhancing anti-B-cell therapy involves
targeting alternative cell surface markers. Currently, the most
promising targets include specific markers of B-lymphocytes and
plasma cells (CD19, CD38) as well as B-cell maturation antigen
(BCMA).

CD19 is a glycoprotein of the immunoglobulin superfamily
and a critical component of the B-cell receptor signaling complex,
as it lowers its activation threshold [80]. This marker is expressed
across a broad range of B-lymphocytes — from pre-B cells to early
stages of plasma cell differentiation (plasmablasts) [80]. However,
it is important to note that CD19 is not expressed by long-lived
plasma cells.

The broader expression profile on cells and the functional
significance of CD19 compared to CD20 make it a promising
target for anti-B-cell therapy in autoimmune diseases. Currently,
monoclonal antibodies targeting CD19 have been developed and
approved by the U.S. Food and Drug Administration (FDA) for
the treatment of neuromyelitis optica spectrum disorder (inebi-
lizumab) and B-cell lymphomas (tafasitamab).

Neuromyelitis optica is an inflammatory autoimmune de-
myelinating disorder primarily affecting the optic nerve and spinal
cord, characterized by the presence of aquaporin-4 antibodies
[81]. In the N-MOmentum trial, inebilizumab significantly pro-
longed the time to relapse in patients with neuromyelitis optica
compared to placebo [82]. Furthermore, inebilizumab has demon-
strated efficacy in patients who experienced disease relapse despite
prior rituximab (RTX) therapy [83]. A randomized, placebo-con-
trolled study involving 28 patients provided preliminary evidence
supporting the drug’s efficacy in treating systemic sclerosis (SSc),
along with a favorable safety profile [84]. Patients treated with
inebilizumab achieved depletion of B-lymphocytes and plasmablasts,
accompanied by improvements in the modified Rodnan skin score
(mRSS). Additionally, results from a double-blind, placebo-con-
trolled trial demonstrated the effectiveness of inebilizumab in
IgG4-related disease, with the potential to induce remission and
discontinue glucocorticoid therapy [85].

Another marker successfully utilized as a target for deple-
tion-restitution therapy (DRT) in patients with SARDs is the
CD38 protein. This glycoprotein plays a role in lymphocyte acti-
vation, differentiation, and proliferation [86]. CD38 is most
actively expressed in the bone marrow (BM) and lymph nodes,
primarily by T-lymphocytes, B-cell precursors, germinal center
B-cells, and—most prominently—plasma cells [87]. Studies have
shown that in systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA), the expression of CD38 on blood cells is significantly
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higher in patients compared to healthy individuals [88, 89]. In RA
patients, elevated CD38 expression has been observed not only in
peripheral blood but also in synovial tissue [90].

Daratumumab, a monoclonal antibody targeting CD38, cur-
rently approved for multiple myeloma treatment [91], has shown
promising yet limited results in rheumatic diseases despite strong
pathophysiological rationale. In a single-center study by T.
Alexander et al. [92], 10 patients with refractory systemic lupus
erythematosus (SLE) treated with daratumumab for 9 months
demonstrated reduced anti-dsDNA antibody levels along with
significant clinical improvement: SLEDAI-2K decreased from 12
to 4, CLASI-A skin activity index from 6 to 0, and Clinical
Disease Activity Index from 11.5 to 0, without reported serious
adverse events. Another case series documented effectiveness in 5
out of 6 patients with severe lupus nephritis, showing SLEDAI-
2K reduction from 10.8 to 3.6 over 12 months while enabling glu-
cocorticoid tapering to 5 mg/day [93]. Additional reports describe
successful outcomes in two refractory SLE cases with lupus
nephritis, hemolytic anemia and thrombocytopenia that previously
required blood product transfusions [94]. Notably, these patients
had previously failed multiple conventional therapies including
standard immunosuppressants (azathioprine, cyclosporine A, my-
cophenolate mofetil, cyclophosphamide), biologics (belimumab),
and off-label B-cell therapies (rituximab, ocrelizumab, bortezomib)
[93, 94]. The therapeutic effects of daratumumab may extend
beyond plasma cell depletion, potentially involving direct action
on T-lymphocytes [91] through both cytotoxic effects against
CD38+ cells and immunomodulatory properties mediated by cal-
cium transport modulation in CD4+ cells with subsequent IL-2
synthesis regulation [95].

BCMA (B-cell maturation antigen) is a protein expressed
on the membranes of mature B-lymphocytes, plasmablasts, and
plasma cells, existing in both membrane-bound and soluble
forms. It belongs to the tumor necrosis factor receptor superfamily.
The physiological function of membrane-bound BCMA involves
the reception of key growth factors that regulate survival and
proliferation processes in B-lymphocytes, plasmablasts, and
plasma cells — specifically B-cell activating factor (BAFF) and A
proliferation-inducing ligand (APRIL), which are essential for
cellular survival [96].

BCMA expression is intrinsically linked to B-cell activation
processes. Consequently, this antigen is predominantly localized
on the membranes of B-lymphocytes at late differentiation stages,
including memory B-cell subpopulations and long-lived plasma
cells. For these cell types, the signaling pathway mediated by this
receptor is crucial, determining their differentiation and survival.

Current evidence supports the involvement of BCMA in the
pathogenesis of both SLE and RA. Studies have demonstrated
that SLE patients exhibit significantly higher BCMA expression
on plasma cells compared to healthy controls. Furthermore, serum
levels of soluble BCMA show a direct correlation with disease
activity [97].

Similarly, RA patients demonstrated significantly elevated
serum levels of soluble BCMA, which correlated with the activity
of the immune-inflammatory process. Studies have revealed that
in these patients, BCMA is also expressed on fibroblast-like syn-
oviocytes — cells that play a pivotal role in mediating bone and
cartilage destruction [98, 99].

The BCMA-targeting antibody-drug conjugate, belantamab
mafodotin, which couples a monoclonal antibody with the cytotoxic
agent monomethyl auristatin-F, has demonstrated efficacy in
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patients with multiple myeloma refractory to multiple lines of
therapy and has been approved for this indication. However, due
to its significant toxicity profile, alternative anti-BCMA approaches
such as bispecific monoclonal antibodies and CAR-T cell therapy
appear more promising for the treatment of SARDs.

DRT: CAR-T Cell and Bispecific
Monoclonal Antibody Approaches

CAR-T cell therapy represents a groundbreaking approach
that enables unprecedentedly effective depletion of target cells in
both peripheral blood and tissues. This method is highly versatile,
as it allows for the generation of diverse cytotoxic cell populations
(tailored to specific clinical needs) through the engineering of de
novo antigen-recognizing receptors. The CAR-T cell manufacturing
process is complex and multi-staged, involving production of a
viral vector encoding the CAR construct with desired specificity,
isolation of patient T-cells via leukapheresis, In vitro modification
(transfection) using the engineered vector, enabling expression of
chimeric antigen receptors (CARs), lymphodepletion (typically
using cyclophosphamide-fludarabine conditioning) to create
hematopoietic niche space for CAR-T cell engraftment and ex-
pansion, final infusion of the CAR-T cell suspension into the re-
cipient [17]. The modified cells, expressing novel antigen-recognition
receptors, effectively repopulate in vivo and exert potent cytotoxic
effects, achieving profound depletion of programmed target cells.
Originally developed for treatment-refractory B-cell lymphopro-
liferative disorders, this approach initially utilized CD19-specific
CAR constructs. Early clinical trials demonstrated unprecedented
efficacy, establishing CAR-T therapy as a mainstay in oncohema-
tology. Subsequent technological advances have yielded CAR
vectors targeting other antigens (CD20, CD22, CD33, BCMA,
etc.), significantly expanding its therapeutic applications in on-
cological practice.

CAR-T cell therapy undoubtedly represents one of the most
promising approaches for treating a wide range of oncological
diseases, yet its implementation faces considerable challenges.
The production of personalized CAR-T cell constructs requires
an extended manufacturing period spanning several weeks.
Significant logistical hurdles arise from the need to transport pa-
tient-derived lymphocytes—or the patients themselves—to spe-
cialized, well-equipped medical centers capable of performing
the necessary transfection, cell culture expansion, and biomass
production steps. Additional concerns include the inherent toxicity,
particularly genotoxicity, of the lymphodepleting chemotherapeutic
agents used in pretreatment protocols. Furthermore, the substantial
costs associated with this advanced technology present a major
barrier to its widespread clinical use.

A significant concern associated with CAR-T cell therapy re-
mains the substantial risk of complications. The potent cytolytic
activity and cytokine-producing capacity of CAR-T cells can lead
to severe, potentially life-threatening adverse events. These include
tumor lysis syndrome and cytokine release syndrome, which
occurs in 50—90% of treated patients, as well as immune effector
cell-associated neurotoxicity syndrome (ICANS) with an incidence
0f 20—60%. Long-term complications may involve cytopenic syn-
dromes, hypogammaglobulinemia or even agammaglobulinemia,
and infectious complications (observed in 28—48% of cases) [17].
Of particular concern is the potential for malignant transformation
of transfected cell clones leading to T-cell lymphomas. To date,
26 cases of CAR-T therapy-induced T-cell neoplasms have been
reported, prompting the FDA to mandate that manufacturers of
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viral vectors used in cell line production include a black box
warning in their prescribing information [100].

Recent years have seen emerging experimental and clinical
evidence suggesting the potential for achieving sustained, drug-
free remission — and possibly even cure — in at least a subset of
patients with autoimmune diseases, including the most severe
forms of rheumatic pathology. While still limited to isolated case
reports and small case series, the available data on CAR-T cell
therapy (primarily targeting CD19 or BCMA antigens) as salvage
treatment for refractory, progressive, life-threatening SARDs —
including SLE, idiopathic inflammatory myopathies, systemic
sclerosis, and ANCA-associated vasculitis — have demonstrated
remarkable outcomes. Published reports indicate near-universal
efficacy in this critically ill patient population, with achievement
of durable drug-free remission typically maintained for =1 year at
the time of publication [12]. A comprehensive analysis of current
evidence and future prospects for CAR-T cell therapy in SARDs
has been presented in the review by E.L. Nasonov et al. [17].

Conclusion
Thus, the clinical efficacy of CAR-T cell therapy in SARDs
has not only provided new evidence supporting the promise of de-
pletion-restitution approaches, but has also further validated

TOPIGC

effector cells of humoral immunity (B-lymphocytes, plasmablasts,
and plasma cells) as optimal therapeutic targets. Preliminary data
suggest a more favorable safety profile when using this methodology
for autoimmune and rheumatic diseases compared to oncological
indications, which is largely attributed to the smaller cellular pool
requiring elimination. A series of randomized controlled trials
(RCTs) have now been initiated to more precisely evaluate the
potential of this technology in rheumatology practice.

Future improvements in CAR-T cell therapy safety may
emerge through advanced chimeric receptor modifications such
as Chimeric Autoantibody Receptor (CAAR) cells and Chimeric
Autoantigen-T Cell Receptor (CATCR) constructs, which enable
targeted elimination of autoreactive immune populations while
potentially reducing risks of cytokine release syndrome, ICANS,
and immunosuppression. However, the exorbitant costs, technical
challenges, and significant complication risks associated with
these engineered cell therapies have driven increasing interest in
developing simpler, more standardized pharmacological alternatives
for DRT in SARDs.

Among the most promising approaches is the development
and clinical application of bispecific antibody-based therapeutics
[101]. This treatment strategy will be examined in greater detail in
our forthcoming publication.

1. Haconos EJI. INepcriekTuBbl aHTH-B-KI1e-
TOYHOI Teparnuu B peBMarooruu. HayaHno-
npaktudeckas pesmarosorus 2018;56(5):
539-548.

[Nasonov EL. Prospects of anti-B-cell thera-
py in theumatology. Nauchno-prakticheskaya
revmatologiya 2018;56(5):539-548.

(In Russ.)].

2. Pouw JN, Leijten EFA, van Laar JM,

Boes M. Revisiting B cell tolerance and au-
toantibodies in seropositive and seronegative
autoimmune rheumatic disease (AIRD).

Clin Exp Immunol. 2021 Feb;203(2):160-173.
doi: 10.1111/cei.13542. Epub 2020 Nov 15.

3. Maschmeyer P, Chang HD, Cheng Q, et al.
Immunological memory in rheumatic inflam-
mation — a roadblock to tolerance induction.
Nat Rev Rheumatol. 2021 May;17(5):291-305.
doi: 10.1038/s41584-021-00601-6.

Epub 2021 Apr 6.

4. Khader Y, Beran A, Ghazaleh S, et al.
Predictors of remission in rheumatoid arthritis
patients treated with biologics: a systematic
review and meta-analysis. Clin Rheumatol.
2022 Dec;41(12):3615-3627. doi: 10.1007/
s10067-022-06307-8. Epub 2022 Aug 16.

5. Ugarte-Gil MF, Mendoza-Pinto C,
Reategui-Sokolova C, et al. Achieving remis-
sion or low disease activity is associated with
better outcomes in patients with systemic lu-
pus erythematosus: a systematic literature re-
view. Lupus Sci Med. 2021 Sep;8(1):¢000542.
doi: 10.1136/lupus-2021-000542.

6. Smolen JS, Breedveld FC, Burmester GR,
et al. Treating rheumatoid arthritis to target:
2014 update of the recommendations of an in-

ternational task force. Ann Rheum Dis. 2016
Jan;75(1):3-15. doi: 10.1136/annrheumdis-
2015-207524. Epub 2015 May 12.

7. Konzett V, Aletaha D. Management strate-
gies in rheumatoid arthritis. Nat Rev Rheuma-
tol. 2024 Dec;20(12):760-769. doi: 10.1038/
s41584-024-01169-7. Epub 2024 Oct 24.

8. Riley TR, George MD. Risk for infections
with glucocorticoids and DMARD:s in pati-
ents with rheumatoid arthritis. RMD Open.
2021 Feb;7(1):¢001235. doi: 10.1136/
rmdopen-2020-001235.

9. Nguyen Y, Costedoat-Chalumeau N. Seri-
ous infections in patients with systemic lupus
erythematosus: how can we prevent them?
Lancet Rheumatol. 2023 May;5(5):e245-¢246.
doi: 10.1016/S2665-9913(23)00096-6.

10. Ramirez-Valle F, Maranville JC, Roy S,
Plenge RM. Sequential immunotherapy: to-
wards cures for autoimmunity. Nat Rev Drug
Discov. 2024 Jul;23(7):501-524. doi: 10.1038/
s41573-024-00959-8. Epub 2024 Jun 5.

11. Alexander T, Greco R. Hematopoietic
stem cell transplantation and cellular thera-
pies for autoimmune diseases: overview and
future considerations from the Autoimmune
Diseases Working Party (ADWP) of the Euro-
pean Society for Blood and Marrow Trans-
plantation (EBMT). Bone Marrow Transplant.
2022 Jul;57(7):1055-1062. doi: 10.1038/
s41409-022-01702-w. Epub 2022 May 16.

12. Schett G, Mackensen A, Mougiakakos D.
CAR T-cell therapy in autoimmune diseases.
Lancet. 2023 Nov 25;402(10416):2034-2044.
doi: 10.1016/S0140-6736(23)01126-1.

Epub 2023 Sep 22.

Sovremennaya Revmatologiya=Modern Rheumatology Journal. 2025;19(2):7—17

13. Sorensen PS, Sellebjerg F. Pulsed immune
reconstitution therapy in multiple sclerosis.
Ther Adv Neurol Disord. 2019 Mar 28:12:
1756286419836913. doi: 10.1177/
1756286419836913. eCollection 2019.

14. Hecker M, Fitzner B, Boxberger N, et al.
Transcriptome alterations in peripheral blood
B cells of patients with multiple sclerosis
receiving immune reconstitution therapy.

J Neuroinflammation. 2023 Aug 2;20(1):181.
doi: 10.1186/s12974-023-02859-x.

15. Muthu S, Jeyaraman M, Ranjan R,

Jha SK. Remission is not maintained over 2
years with hematopoietic stem cell transplan-
tation for rheumatoid arthritis: A systematic
review with meta-analysis. World J Biol Chem.
2021 Nov 27;12(6):114-130. doi: 10.4331/
wijbc.v12.i6.114.

16. Bagnato G, Versace AG, La Rosa D, et al.
Autologous Haematopoietic Stem Cell Trans-
plantation and Systemic Sclerosis: Focus on
Interstitial Lung Disease. Cells. 2022 Mar 1;
11(5):843. doi: 10.3390/cells11050843.

17. Haconos EJI, Pymsuues AI, Camco-
HoB M1O. ®dapmakoTeparnusi ayTOUMMYHHbBIX
peBMaTUYECKUX 3a00JIeBaHUII — OT MOHO-
KJIOHaIbHBIX aHTUTeN K CAR-T-Kki1eTkam:

20 ner cniycrsi. HayuHo-nipakTuyeckast peB-
MaroJiorus 2024;62(3):262-279.

[Nasonov EL, Rumyantsev AG, Samsonov MYu.
Pharmacotherapy of autoimmune rheumatic
diseases — from monoclonal antibodies to
CAR-T cells: 20 years later. Nauchno-praktic-
heskaya revmatologiya 2024;62(3):262-279.
(In Russ.)].

18. Macasinckuii AJl, Masypos BU,



COBPEMEHHAA PEBMATONOTIUNA N2'25

3otkuH EI u np. AnTu-B-Kkinerounas repa-
MHs ayTOMMMYHHBIX 3a00J1eBaHMii. Memn-
umHckast ummyHosorust. 2007;9(1):15-34.
[Maslyanskii AL, Mazurov VI, Zotkin EG,

et al. Anti-B-cell therapy of autoimmune di-
seases. Meditsinskaya immunologiya. 2007,
9(1):15-34. (In Russ.)].

19. Nishimura K, Sugiyama D, Kogata Y,

et al. Meta-analysis: diagnostic accuracy of
anti-cyclic citrullinated peptide antibody and
rheumatoid factor for rheumatoid arthritis.
Ann Intern Med. 2007 Jun 5;146(11):797-808.
doi: 10.7326/0003-4819-146-11-200706050-
00008.

20. Macasackuit AJ1, Jlanna CB, Masunr AB
u 1p. JlnarHocTuyeckasi 3Ha4MMOCTb CEPOJIO-
TUYECKUX MapKEPOB PEBMATOUIHOTO apTpH-
Ta. HayuHo-nipakTiyecKast peBMaTOIOTUs.
2012;50(5):20-24.

[Maslyanskii AL, Lapin SV, Mazing AV, et al.
Diagnostic significance of serological markers
of rheumatoid arthritis. Nauchno-praktiches-
kaya revmatologiya. 2012;50(5):20-24.

(In Russ.)].

21. Haconos EJI. [TpoGyieMbl UMMyHONATO-
JIOTUM PEBMATOMITHOTO apTPUTA: IBOJTIOIIHSI
6osie3Hn. HayuHo-mpakTiudeckast peBMaTo-
norust. 2017;55(3):277-294.

[Nasonov EL. Problems of immunopathology
of rheumatoid arthritis: the evolution of the
disease. Nauchno-prakticheskaya revmatolo-
giya. 2017;55(3):277-294. (In Russ.)].

22. Kerkman PF, Fabre E, van der Voort EI,
et al. Identification and characterisation of
citrullinated antigen-specific B cells in pe-
ripheral blood of patients with rheumatoid
arthritis. Ann Rheum Dis. 2016 Jun;75(6):
1170-6. doi: 10.1136/annrheumdis-2014-
207182. Epub 2015 Jun 1.

23. Kerkman PF, Rombouts Y, van der Voort EI,
et al. Circulating plasmablasts/plasmacells as
a source of anticitrullinated protein antibodies
in patients with rheumatoid arthritis.

Ann Rheum Dis. 2013 Jul;72(7):1259-63.

doi: 10.1136/annrheumdis-2012-202893.
Epub 2013 Apr 26.

24. Humby F, Bombardieri M, Manzo A,

et al. Ectopic lymphoid structures support on-
going production of class-switched autoanti-
bodies in rheumatoid synovium. PLoS Med.
2009 Jan 13;6(1):el. doi: 10.1371/journal.
pmed.0060001.

25. Corsiero E, Bombardieri M, Carlotti E, et al.
Single cell cloning and recombinant mono-
clonal antibodies generation from RA synovial
B cells reveal frequent targeting of citrullinat-
ed histones of NETs. Ann Rheum Dis. 2016
Oct;75(10):1866-75. doi: 10.1136/
annrheumdis-2015-208356. Epub 2015 Dec 9.
26. Kerkman PF, Kempers AC, van der Voort EI,
et al. Synovial fluid mononuclear cells provide
an environment for long-term survival of anti-
body-secreting cells and promote the sponta-
neous production of anti-citrullinated protein
antibodies. Ann Rheum Dis. 2016 Dec;75(12):
2201-2207. doi: 10.1136/annrheumdis-2015-
208554. Epub 2016 Apr 11.

CURRENT TOPIC

27. Volkov M, van Schie KA, van der Woude D.
Autoantibodies and B Cells: The ABC of
rheumatoid arthritis pathophysiology.
Immunol Rev. 2020 Mar;294(1):148-163.

doi: 10.1111/imr.12829. Epub 2019 Dec 16.
28. Steffen U, Schett G, Bozec A. How Au-
toantibodies Regulate Osteoclast Induced
Bone Loss in Rheumatoid Arthritis. Front Im-
munol. 2019 Jul 3:10:1483. doi: 10.3389/
fimmu.2019.01483. eCollection 2019.

29. Nie Y, Zhao L, Zhang X. B Cell Aber-
rance in Lupus: the Ringleader and the Solu-
tion. Clin Rev Allergy Immunol. 2022 Apr;62(2):
301-323. doi: 10.1007/s12016-020-08820-7.
Epub 2021 Feb 3.

30. Yung S, Chan TM. Mechanisms of Kidney
Injury in Lupus Nephritis — the Role of Anti-
dsDNA Antibodies. Front Immunol. 2015 Sep
15:6:475. doi: 10.3389/fimmu.2015.00475.
eCollection 2015.

31. Fayyaz A, Igoe A, Kurien BT, et al.
Haematological manifestations of lupus.
Lupus Sci Med. 2015 Mar 3;2(1):¢000078.

doi: 10.1136/lupus-2014-000078.

eCollection 2015.

32. Hacounos EJI, PewetHsik TM, CosioBb-
eB CK, IMTonkopa TB. CucremHast KpacHast
BOJIYAHKA M aHTU(HOCHONUIUIHBIA CUH-
IIPOM: BUEpa, CETOIHs, 3aBTpa. TepareBTnye-
ckuit apxuB 2023;95(5):367-374.

[Nasonov EL, Reshetnyak TM, Solov'ev SK,
Popkova TV. Systemic lupus erythematosus
and antiphospholipid syndrome: yesterday, to-
day, tomorrow. Terapevticheskii arkhiv 2023,
95(5):367-374. (In Russ.)].

33. Lovgren T, Eloranta ML, Kastner B, et al.
Induction of interferon-alpha by immune
complexes or liposomes containing systemic
lupus erythematosus autoantigen- and Sjo-
gren's syndrome autoantigen-associated RNA.
Arthritis Rheum. 2006 Jun;54(6):1917-27.

doi: 10.1002/art.21893.

34. Melissaropoulos K, Iliopoulos G, Sakkas LI,
Daoussis D. Pathogenetic Aspects of Systemic
Sclerosis: A View Through the Prism of B Cells.
Front Immunol. 2022 Jun 23:13:925741.

doi: 10.3389/fimmu.2022.925741.
eCollection 2022.

35. Fleischmajer R, Perlish JS, Reeves JR.
Cellular infiltrates in scleroderma skin. Arthri-
tis Rheum. 1977 May;20(4):975-84.

doi: 10.1002/art.1780200410.

36. Lafyatis R, O'Hara C, Feghali-Bostwick CA,
Matteson E. B cell infiltration in systemic
sclerosis-associated interstitial lung disease.
Arthritis Rheum. 2007 Sep;56(9):3167-8.

doi: 10.1002/art.22847.

37. Roumm AD, Whiteside TL, Meds-

ger TA Jr, Rodnan GP. Lymphocytes in the
skin of patients with progressive systemic scle-
rosis. Quantification, subtyping, and clinical
correlations. Arthritis Rheum. 1984 Jun;27(6):
645-53. doi: 10.1002/art.1780270607.

38. De Santis M, Bosello SL, Peluso G, et al.
Bronchoalveolar lavage fluid and progression
of scleroderma interstitial lung disease. Clin
Respir J. 2012 Jan;6(1):9-17. doi: 10.1111/

j-1752-699X.2010.00228.x.

Epub 2010 Nov 25.

39. Sato S, Hasegawa M, Fujimoto M, et alK.
Quantitative genetic variation in CD19 ex-
pression correlates with autoimmunity.

J Immunol. 2000 Dec 1;165(11):6635-43.

doi: 10.4049/jimmunol.165.11.6635.

40. JTazapeBa HM, Jlanuu CB, Ma3zunr AB,
et al. OnTUMM3aIMsT KOMILIEKCa CEPOIOTHYe-
CKMX METOJIOB TUarHOCTUKM CUCTEMHBIX 3a-
0oJieBaHUI COeMHUTEIbHOM TKaHU. KiuHu-
yeckast JaboparopHas auarHoctuka. 2011;
(12):12-17.

[Lazareva NM, Lapin SV, Mazing AV, et al.
Optimization of the complex of serological
methods for the diagnosis of systemic connec-
tive tissue diseases. Klinicheskaya laborator-
naya diagnostika. 2011;(12):12-17.

(In Russ.)].

41. Dumoitier N, Chaigne B, Regent A, et al.
Scleroderma Peripheral B Lymphocytes Se-
crete Interleukin-6 and Transforming Growth
Factor beta and Activate Fibroblasts. Arthritis
Rheumatol. 2017 May;69(5):1078-1089.

doi: 10.1002/art.40016.

42. Francois A, Chatelus E, Wachsmann D,
et al. B lymphocytes and B-cell activating fac-
tor promote collagen and profibrotic markers
expression by dermal fibroblasts in systemic
sclerosis. Arthritis Res Ther. 2013 Oct 28;15(5):
R168. doi: 10.1186/ar4352.

43. Numajiri H, Kuzumi A, Fukasawa T, et al.
B Cell Depletion Inhibits Fibrosis via Sup-
pression of Profibrotic Macrophage Differen-
tiation in a Mouse Model of Systemic Sclero-
sis. Arthritis Rheumatol. 2021 Nov;73(11):
2086-2095. doi: 10.1002/art.41798.

Epub 2021 Sep 28.

44. Haconos EJI, penakrop. Poccuiickue
KJIMHUYeCcKUe pekoMeHaauuu. PeBmaroo-
rust. MockBa: TBOTAP-Menua; 2020.
[Nasonov EL, editor. Russian clinical guideli-
nes. Rheumatology. Moscow: GEOTAR-
Media; 2020].

45, Fassbinder T, Saunders U, Mickholz E,
et al. Differential effects of cyclophosphamide
and mycophenolate mofetil on cellular and
serological parameters in patients with sys-
temic lupus erythematosus. Arthritis Res Ther.
2015 Apr 3;17(1):92. doi: 10.1186/s13075-
015-0603-8.

46. Lee YH, Bae SC, Song GG. The efficacy
and safety of rituximab for the treatment of
active rheumatoid arthritis: a systematic re-
view and meta-analysis of randomized con-
trolled trials. Rheumatol Int. 2011 Nov;31(11):
1493-9. doi: 10.1007/s00296-010-1526-y.
Epub 2010 May 16.

47. Habibi MA, Alesaeidi S, Zahedi M, et al.
The Efficacy and Safety of Rituximab in
ANCA-Associated Vasculitis: A Systematic
Review. Biology (Basel). 2022 Dec 6;11(12):
1767. doi: 10.3390/biology11121767.

48. Kaegi C, Wuest B, Schreiner J, et al.
Systematic Review of Safety and Efficacy of
Rituximab in Treating Immune-Mediated
Disorders. Front Immunol. 2019 Sep 6:10:

Sovremennaya Revmatologiya=Modern Rheumatology Journal. 2025;19(2):7—17



COBPEMEHHAA PEBMATONOTIUNA N2'25

1990. doi: 10.3389/fimmu.2019.01990.
eCollection 2019.

49. Isaacs JD, Cohen SB, Emery P, et al.
Effect of baseline rheumatoid factor and an-
ticitrullinated peptide antibody serotype on
rituximab clinical response: a meta-analysis.
Ann Rheum Dis. 2013 Mar;72(3):329-36.

doi: 10.1136/annrheumdis-2011-201117.
Epub 2012 Jun 11.

50. Chatzidionysiou K, Lie E, Nasonov E,

et al. Highest clinical effectiveness of rituxi-
mab in autoantibody-positive patients with
rheumatoid arthritis and in those for whom no
more than one previous TNF antagonist has
failed: pooled data from 10 European regist-
ries. Ann Rheum Dis. 2011 Sep;70(9):1575-80.
doi: 10.1136/ard.2010.148759.

Epub 2011 May 12.

51. Pugliesi A, de Oliveira AB, Oliveira AB,

et al. Compared efficacy of rituximab, abata-
cept, and tocilizumab in patients with
rheumatoid arthritis refractory to methotrexa-
te or TNF inhibitors agents: a systematic re-
view and network meta-analysis. Adv Rheuma-
tol. 2023 Jul 6;63(1):30. doi: 10.1186/
$42358-023-00298-z.

52. Asneesa AC, CatbibanabieB AM, lemu-
nosa HB u a1p. OlieHKa Tepanuu putykcumMa-
0OOM B peajbHOM KJIMHUYECKOM MpakTuke (1o
JAHHBIM PerrcTpa OOJBHBIX PEBMATOUTHBIM
aptputrom OPEJI). HayuyHo-npakTuyeckas
pesmatonorus 2019;57(3):274-279.

[Avdeeva AS, Satybaldyev AM, Demidova NV,
et al. Evaluation of rituximab therapy in real
clinical practice (according to the OREL
Register of Rheumatoid Arthritis patients).
Nauchno-prakticheskaya revmatologiya 2019;
57(3):274-279. (In Russ.)].

53. De Keyser F, Hoffman I, Durez P, et al.
Longterm followup of rituximab therapy in
patients with rheumatoid arthritis: results
from the Belgian MabThera in Rheumatoid
Arthritis registry. J Rheumatol. 2014 Sep;
41(9):1761-5. doi: 10.3899/jrheum.131279.
Epub 2014 Aug 15.

54. Harrold LR, Reed GW, Shewade A, et al.
Effectiveness of Rituximab for the Treatment
of Rheumatoid Arthritis in Patients with Prior
Exposure to Anti-TNF: Results from the
CORRONA Registry. J Rheumatol. 2015
Jul;42(7):1090-8. doi: 10.3899/jrheum.
141043. Epub 2015 May 1.

55. Wendler J, Burmester GR, Sorensen H,

et al. Rituximab in patients with rheumatoid
arthritis in routine practice (GERINIS):
six-year results from a prospective, multicen-
tre, non-interventional study in 2,484 pati-
ents. Arthritis Res Ther. 2014 Mar 26;16(2):
R80. doi: 10.1186/ar4521.

56. Shah K, Cragg M, Leandro M, Reddy V.
Anti-CD20 monoclonal antibodies in Sys-
temic Lupus Erythematosus. Biologicals. 2021
Jan:69:1-14. doi: 10.1016/j.biologicals.2020.
11.002. Epub 2020 Dec 4.

57. Roveta A, Parodi EL, Brezzi B, et al.
Lupus Nephritis from Pathogenesis to New
Therapies: An Update. Int J Mol Sci. 2024

CURRENT TOPIC

Aug 18;25(16):8981. doi: 10.3390/
ijms25168981.

58. Tanaka Y, Nakayamada S, Yamaoka K,

et al. Rituximab in the real-world treatment of
lupus nephritis: A retrospective cohort study
in Japan. Mod Rheumatol. 2023 Jan 3;33(1):
145-153. doi: 10.1093/mr/roac007.
59.LiK,YuY, GaoY, et al. Comparative Ef-
fectiveness of Rituximab and Common Induc-
tion Therapies for Lupus Nephritis: A Systema-
tic Review and Network Meta-Analysis. Front
Immunol. 2022 Apr 4:13:859380. doi: 10.3389/
fimmu.2022.859380. eCollection 2022.

60. Rovin BH, Furie R, Latinis K, et al. Effi-
cacy and safety of rituximab in patients with
active proliferative lupus nephritis: the Lupus
Nephritis Assessment with Rituximab study.
Arthritis Rheum. 2012 Apr;64(4):1215-26.

doi: 10.1002/art.34359. Epub 2012 Jan 9.

61. Merrill JT, Neuwelt CM, Wallace DJ,

et al. Efficacy and safety of rituximab in mode-
rately-to-severely active systemic lupus ery-
thematosus: the randomized, double-blind,
phase I11/111 systemic lupus erythematosus
evaluation of rituximab trial. Arthritis Rheum.
2010 Jan;62(1):222-33. doi: 10.1002/art.27233.
62. Tapzanosa JIA. Putykcuma6 B leueHUN
CUCTeMHOH ckiieponepmuu. HayuHo-npak-
Thyeckas peBmatosiorust 2023;61(4):466-474.
[Garzanova LA. Rituximab in the treatment
of systemic scleroderma. Nauchno-praktiches-
kaya revmatologiya 2023;61(4):466-474.

(In Russ.)].

63. Goswami RP, Ray A, Chatterjee M, et al.
Rituximab in the treatment of systemic sclero-
sis-related interstitial lung disease: a systematic
review and meta-analysis. Rheumatology
(Oxford). 2021 Feb 1;60(2):557-567.

doi: 10.1093/rheumatology/keaa550.

64. Maher TM, Tudor VA, Saunders P, et al.
Rituximab versus intravenous cyclophos-
phamide in patients with connective tissue
disease-associated interstitial lung disease in
the UK (RECITAL): a double-blind, double-
dummy, randomised, controlled, phase 2b tri-
al. Lancet Respir Med. 2023 Jan;11(1):45-54.
doi: 10.1016/S2213-2600(22)00359-9.

Epub 2022 Nov 11.

65. Lindenberg L, Spengler L, Bang H, et al.
Restrictive IgG antibody response against mu-
tated citrullinated vimentin predicts response
to rituximab in patients with rheumatoid
arthritis. Arthritis Res Ther. 2015 Aug 13;
17(1):206. doi: 10.1186/s13075-015-0717-z.
66. Pirone C, Mendoza-Pinto C,

van der Windt DA, et al. Predictive and prog-
nostic factors influencing outcomes of ritux-
imab therapy in systemic lupus erythematosus
(SLE): A systematic review. Semin Arthritis
Rheum. 2017 Dec;47(3):384-396.

doi: 10.1016/j.semarthrit.2017.04.010.

Epub 2017 May 5.

67. Youkhana K, Heiling H, Deal A, Moll S.
The Effect of Rituximab on Antiphospholipid
Titers in Patients with Antiphospholipid Syn-
drome. TH Open. 2023 Jul 5;7(3):e191-e194.
doi: 10.1055/s-0043-1770784.

Sovremennaya Revmatologiya=Modern Rheumatology Journal. 2025;19(2):7—17

eCollection 2023 Jul.

68. Tomita A. Genetic and Epigenetic Modu-
lation of CD20 Expression in B-Cell Malig-
nancies: Molecular Mechanisms and Signifi-
cance to Rituximab Resistance. J Clin Exp
Hematop. 2016;56(2):89-99. doi: 10.3960/
jslrt.56.89.

69. Hiraga J, Tomita A, Sugimoto T, et al.
Down-regulation of CD20 expression in
B-cell lymphoma cells after treatment with
rituximab-containing combination chemo-
therapies: its prevalence and clinical signifi-
cance. Blood. 2009 May 14;113(20):4885-93.
doi: 10.1182/blood-2008-08-175208.

Epub 2009 Feb 26.

70. Ramwadhdoebe TH, van Baarsen LGM,
Boumans MJH, et al. Effect of rituximab
treatment on T and B cell subsets in lymph
node biopsies of patients with rheumatoid
arthritis. Rheumatology (Oxford). 2019 Jun
1;58(6):1075-1085. doi: 10.1093/
rheumatology/key428.

71. Kamburova EG, Koenen HJ, Borgman KJ,
et al. A single dose of rituximab does not de-
plete B cells in secondary lymphoid organs but
alters phenotype and function. Am J Trans-
plant. 2013 Jun;13(6):1503-11. doi: 10.1111/
ajt.12220. Epub 2013 Apr 9.

72. Rehnberg M, Amu S, Tarkowski A, et al.
Short- and long-term effects of anti-CD20
treatment on B cell ontogeny in bone marrow
of patients with rheumatoid arthritis. Arthritis
Res Ther. 2009;11(4):R123. doi: 10.1186/
ar2789. Epub 2009 Aug 17.

73. Teng YK, Levarht EW, Toes RE, et al.
Residual inflammation after rituximab treat-
ment is associated with sustained synovial
plasma cell infiltration and enhanced B cell
repopulation. Ann Rheum Dis. 2009 Jun;68(6):
1011-6. doi: 10.1136/ard.2008.092791.

Epub 2008 Jul 22.

74. Thurlings RM, Vos K, Wijbrandts CA,

et al. Synovial tissue response to rituximab:
mechanism of action and identification of
biomarkers of response. Ann Rheum Dis. 2008
Jul;67(7):917-25. doi: 10.1136/ard.2007.
080960. Epub 2007 Oct 26.

75. Kennedy AD, Beum PV, Solga MD, et al.
Rituximab infusion promotes rapid comple-
ment depletion and acute CD20 loss in chronic
lymphocytic leukemia. J Immunol. 2004 Mar
1;172(5):3280-8. doi: 10.4049/jimmunol.
172.5.3280.

76. Golay J, Zaffaroni L, Vaccari T, et al. Bio-
logic response of B lymphoma cells to anti-
CD20 monoclonal antibody rituximab in vit-
ro: CD55 and CDS59 regulate complement-
mediated cell lysis. Blood. 2000 Jun 15;
95(12):3900-8.

77. Furie RA, Aroca G, Cascino MD, et al.
B-cell depletion with obinutuzumab for the
treatment of proliferative lupus nephritis: a
randomised, double-blind, placebo-controlled
trial. Ann Rheum Dis. 2022 Jan;81(1):100-107.
doi: 10.1136/annrheumdis-2021-220920.
Epub 2021 Oct 6

78. Mossner E, Brunker P, Moser S, et al.



COBPEMEHHAA PEBMATONOTIUNA N2'25

Increasing the efficacy of CD20 antibody
therapy through the engineering of a new type
II anti-CD20 antibody with enhanced direct
and immune effector cell-mediated B-cell
cytotoxicity. Blood. 2010 Jun 3;115(22):4393-
402. doi: 10.1182/blood-2009-06-225979.
Epub 2010 Mar 1.

79. Tobinai K, Klein C, Oya N, Fingerle-
Rowson G. A Review of Obinutuzumab
(GA101), a Novel Type 11 Anti-CD20 Mono-
clonal Antibody, for the Treatment of Patients
with B-Cell Malignancies. Adv Ther. 2017
Feb;34(2):324-356. doi: 10.1007/s12325-
016-0451-1. Epub 2016 Dec 21.

80. Rubin SJS, Bloom MS, Robinson WH.

B cell checkpoints in autoimmune rheumatic
diseases. Nat Rev Rheumatol. 2019 May;15(5):
303-315. doi: 10.1038/s41584-019-0211-0.
81. Wingerchuk DM, Lennon VA, et al.
Revised diagnostic criteria for neuromyelitis
optica. Neurology. 2006 May 23;66(10):1485-9.
doi: 10.1212/01.wnl.0000216139.44259.74.
82. Cree BAC, Bennett JL, Kim HIJ, et al.
Inebilizumab for the treatment of neuro-
myelitis optica spectrum disorder (N-MO-
mentum): a double-blind, randomised place-
bo-controlled phase 2/3 trial. Lancet. 2019
Oct 12;394(10206):1352-1363. doi: 10.1016/
S0140-6736(19)31817-3. Epub 2019 Sep 5.
83. Flanagan EP, Levy M, Katz E, et al.
Inebilizumab for treatment of neuromyelitis
optica spectrum disorder in patients with prior
rituximab use from the N-MOmentum Study.
Mult Scler Relat Disord. 2022 Jan:57:103352.
doi: 10.1016/j.msard.2021.103352.

Epub 2021 Oct 26.

84. Schiopu E, Chatterjee S, Hsu V, et al.
Safety and tolerability of an anti-CD19
monoclonal antibody, MEDI-551, in subjects
with systemic sclerosis: a phase I, randomized,
placebo-controlled, escalating single-dose
study. Arthritis Res Ther. 2016 Jun 7;18(1):
131. doi: 10.1186/s13075-016-1021-2.

85. Stone JH, Khosroshahi A, Zhang W, et al.
Inebilizumab for Treatment of [gG4-Related
Disease. N Engl J Med. 2024 Nov 14.

Received/Reviewed/Accepted
19.02.2025/05.04.2025/07.04.2025

Conflict of Interest Statement

CURRENT TOPIC

doi: 10.1056/NEJM0a2409712. Online ahead
of print.

86. Malavasi F, Deaglio S, Funaro A, et al.
Evolution and function of the ADP ribosyl cy-
clase/CD38 gene family in physiology and
pathology. Physiol Rev. 2008 Jul;88(3):841-86.
doi: 10.1152/physrev.00035.2007.

87. Wardowska A, Komorniczak M, Skoniec-
ka A, et al. Alterations in peripheral blood

B cells in systemic lupus erythematosus pa-
tients with renal insufficiency. Int Im-
munopharmacol. 2020 Jun:83:106451.

doi: 10.1016/j.intimp.2020.106451.

Epub 2020 Apr 2.

88. Lugar PL, Love C, Grammer AC, et al.
Molecular characterization of circulating
plasma cells in patients with active systemic
lupus erythematosus. PLoS One. 2012;7(9):
e44362. doi: 10.1371/journal.pone.0044362.
Epub 2012 Sep 21.

89. Cole S, Walsh A, Yin X, et al. Integrative
analysis reveals CD38 as a therapeutic target
for plasma cell-rich pre-disease and estab-
lished rheumatoid arthritis and systemic lupus
erythematosus. Arthritis Res Ther. 2018 May 2;
20(1):85. doi: 10.1186/s13075-018-1578-z.
90. Chang X, Yue L, Liu W, et al. CD38 and
E2F transcription factor 2 have uniquely in-
creased expression in rheumatoid arthritis
synovial tissues. Clin Exp Immunol. 2014 May;
176(2):222-31. doi: 10.1111/cei.12268.

91. Sanchez L, Wang Y, Siegel DS, Wang ML.
Daratumumab: a first-in-class CD38 mono-
clonal antibody for the treatment of multiple
myeloma. J Hematol Oncol. 2016 Jun 30;9(1):51.
doi: 10.1186/s13045-016-0283-0.

92. Alexander T, Ostendorf L, Zernicke J,

et al. LBA0007 Safety and efficacy of daratu-
mumab in systemic lupus erythematosus —

a single-center phase 2 open-label trial. Ann
Rheum Dis. 2024;83(Suppl 1):237-238. doi:
10.1136/annrheumdis-2024-eular. LBA26.

93. Roccatello D, Fenoglio R, Caniggia I,

et al. Daratumumab monotherapy for refrac-
tory lupus nephritis. Nat Med. 2023 Aug;29(8):
2041-2047. doi: 10.1038/s41591-023-02479-1.

The investigation has been conducted within scientific topic 125020501434-1.
The investigation has not been sponsored. There are no conflicts of interest. The authors are solely responsible for submitting the final
version of the manuscript for publication. All the authors have participated in developing the concept of the article and in writing the
manuscript. The final version of the manuscript has been approved by all the authors.

A.M. Lila https://orcid.org/0000-0002-6068-3080

A.L. Maslyanskiy https://orcid.org/0000-0003-2427-4148
D.A. Dibrov https://orcid.org/0000-0003-3183-0464
A.V. Torgashina https://orcid.org/0000-0001-8099-2107
E.G. Zotkin https://orcid.org/0000000245792836

M.Y. Samsonov https://orcid.org/0000-0003-2685-1623

Epub 2023 Aug 10.

94. Ostendorf L, Burns M, Durek P, et al.
Targeting CD38 with Daratumumab in Re-
fractory Systemic Lupus Erythematosus.

N Engl J Med. 2020 Sep 17;383(12):1149-
1155. doi: 10.1056/NEJMo0a2023325.

95. Katsuyama E, Humbel M, Suarez-

Fueyo A, et al. CD38 in SLE CD4 T cells
promotes Ca(2+) flux and suppresses inter-
leukin-2 production by enhancing the expres-
sion of GM2 on the surface membrane.

Nat Commun. 2024 Sep 27;15(1):8304.

doi: 10.1038/s41467-024-52617-7.

96. Carpenter RO, Evbuomwan MO, Pittalu-
ga S, et al. B-cell maturation antigen is a
promising target for adoptive T-cell therapy of
multiple myeloma. Clin Cancer Res. 2013 Apr
15;19(8):2048-60. doi: 10.1158/1078-
0432.CCR-12-2422. Epub 2013 Jan 23.

97. Salazar-Camarena DC, Palafox-Sanchez CA,
Cruz A, et al. Analysis of the receptor BCMA
as a biomarker in systemic lupus erythemato-
sus patients. Sci Rep. 2020 Apr 10;10(1):6236.
doi: 10.1038/s41598-020-63390-0.

98. Rodriguez-Carrio J, Alperi-Lopez M,
Lopez P, et al. Profiling of B-Cell Factors and
Their Decoy Receptors in Rheumatoid
Arthritis: Association With Clinical Features
and Treatment Outcomes. Front Immunol.
2018 Oct 11:9:2351. doi: 10.3389/fimmu.
2018.02351. eCollection 2018.

99. Nagatani K, Itoh K, Nakajima K, et al.
Rheumatoid arthritis fibroblast-like synovio-
cytes express BCMA and are stimulated by
APRIL. Arthritis Rheum. 2007 Nov;56(11):
3554-63. doi: 10.1002/art.22929.

100. Verdun N, Marks P. Secondary Cancers
after Chimeric Antigen Receptor T-Cell
Therapy. N Engl J Med. 2024 Feb 15;390(7):
584-586. doi: 10.1056/NEJMp2400209.
Epub 2024 Jan 24.

101. Shah K, Leandro M, Cragg M, et al.
Disrupting B and T-cell collaboration in
autoimmune disease: T-cell engagers versus
CAR T-cell therapy? Clin Exp Immunol 2024;
217(1):15-30. doi: 10.1093 /cei/uxae031

Sovremennaya Revmatologiya=Modern Rheumatology Journal. 2025;19(2):7—17



